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Thyroid function is mostly related to the growth rate of the body, 
as it normally acts on the metabolic rate and cell division processes 
of body tissues and organs. These processes, however, interfere and/or 
interact with sexual maturation of the birds when sex organs take 
precedence in growth over the other body organs and tissues. This 
normally stunts the growth of the body and of the other organs, but 
finally, the animal reaches its standard size and proportions. Accord- 
ingly, it is thought that thyroid activity has a definite part in estab- 
lishing the complete body size including that of normal reproductive 
organs. On the basis of the observed rise and decline in energy 
metabolism with advancing age, it has been suggested that the rate of 
thyroxin secretion probably increases for a period with advancing age, 
then declines gradually with old age (Brody, 1945). Many processes 
such as egg production follow a similar pattern (Turner, 1948). 

Size increases in chick thyroid glands are apparent immediately 
after hatching and the rate of growth increases notably at about 50 
days of age. The rate of growth of the thyroids declines after 100 
days from hatching. Greatest growth of cockerel gonads occurs after 
the highest growth in thyroids (Breneman, 1954). The actual thy- 
roxin secretion rate of White Leghorn cockerels increases with age 
and body weight up to the time of sexual maturity. When the secretion 
rate is estimated as micrograms of thyroxin per 100 grams of body 
weight, steady decreases is observed up to about 6 months of age. The 
greatest increase in secretion rate, however, occurs during the period 
of greatest body growth, from 4 to 12 weeks of age (Schultze and 
Turner, 1944 & 1945). Basal metabolic rate is also at its highest 
level during this period and decreases with age up to one year of age 
(Barott and Pringle, 1946). With increase in age, the rate of thyroxin 
secretion of turkeys as related to constant body weight is increased 
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(Biellier and Turner, 1955). The thyroxin secretion rate of ducks is 
much higher than that in growing chickens and appears to be correlated 
with the faster growth rates (Biellier and Turner, 1950 & Hoffman, 
1950). 

There are different methods for the estimation of thyroid activity. 
Some of these methods are not very accurate, such as the estimation 
of metabolic rate (Brody, 1945), or the protein bound iodine (Taurog 
and Chaikof. 1946). Others depend on administrating thyroid active 
substances, such as radioactive iodine (Pipes et al., 1958), of thiouracil- 
thyroxin (Mixner et al., 1944). The substances administered to birds 
in these latter two methods may affect greatly the other organs, glands 
and gonads and may prevent the study of different thyroid activities. 
To insure accurate study for body systems in combination with normal 
or artificially induced thyroid activities, histological examinations may 
be of some use. 

It is a well known fact that the thyrotrophic hormone induces an 
increase in thyroid activity. After administration of anti-thyroid drugs 
there is also an increase of activity. This is due to the fact that the 
formation of active thyroid hormone is prevented by these drugs, 
which results in a decrease of thyroid hormone level in blood. This 
stimulates the output of thyrotrophic hormone which in turn induces 
its effect by increasing thyroid gland activity. For that reason, in the 
histological examinations, hypo- (by anti-thyroid drugs) and hyper- 
functioning gland (by pro-thyroid drugs) show the same changes in 
respect to the increase of cell size and number, and the decrease in 
colloid substances (Larson et al., 1945). In the light of these changes, 
Lever (1948) and Lever and Vlijm (1955) had recommended the 
method of dividing the inner diameter of thyroid follicles by the 
number of cells per follicle as the most accurate method for determining 
the activity of thyroid gland rather than other histological or thyroid 
weight estimates. This previous method was also advised in case of 
high thyroid activity. The results of these histological studies, how- 
ever, depends greatly on the kind of substances given, e.g. whether 
this activity is anti- or pro-thyroid. 


MATERIALS AND METHODS 


A batch of Fayomi chickens hatched during November were 
brooded, reared and managed according to the normal practice pre- 














GAMAL A. R. KAMAR 193 


vailing in the department farm. They were fed normal balanced 
starting ration until 8 weeks of age when the sexes were separated. 
Balanced breeding mash was given thereafter. Thirty-nine cockerels 
representing 13 age groups including 3 males in each age were sacri- 
ficed. The birds represented ages from 4 to 52 weeks with 4-week 
intervals. The males were weighed alive and then sacrificed at the 
corresponding killing dates for each age as follows: 








Approximate age Date of Approximate age Date of 
in weeks sacrificing in weeks sacrificing 

4 December 2 32 July 21 
8 December 28 36 August 18 
12 January 25 40 September 15 
16 February 22 44 October 18 
20 March 29 48 November 15 
24 April 24 52 December 14 
28 June 1 





The cockerels were dissected and their thyroids were completely 
separated and weighed immediately on a torsion balance. The samples 
were fixed in Bouin’s solution, washed, dehydrated, cleared and 
embedded in paraffin. Blocks of both right and left thyroids were 
sectioned at 5 microns. The sections were stained by the haematoxylin 
and eosin method, then mounted in Canada balsam. Fully descriptive 
microscopical examinations for the follicles, epithelial cells, colloid 
substance, connective tissue stroma and interfollicular cells were 
carried out by a projector microscope. Four sections from each right 
and left thyroid for each of the three individuals at each age were 
examined. In each slide, the number of epithelial cells was counted 
and the inner diameters were measured in the medial portion for five 
central follicles, comprising 120 counts and 120 measurements for 
each age group. 

To standardize the counts and measurements, spherical and slightly 
convoluted follicles were chosen. In the case of a follicle being more 
elliptical than circular, the average of the largest and smallest diame- 
ters was sufficient. The diameter, as obtained by the projector scale, 
was multiplied by 2 to express the measurement in microns. The 
examinations were made with a 30X objective and photographs were 
taken at a magnification of 500X except that of the 4 week preparation 
which was taken at a magnification of 165X. 
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RESULTS AND DISCUSSION 
Histological descriptions: 

Thyroid tissue at four weeks of age is very compact and filled with 
small follicles. No vacuoles could be distinguished between these 
follicles as the interfollicular spaces are filled with dense connective 
tissue stroma and numerous interfollicular cells, along with a network 
of blood vessels and nerve fibres. The interfollicular cells compose 
approximately half of the thyroid tissue. It seems that some of these 
cells are the primordial cells which may give rise to more follicles at 
later ages. At this age, the follicles compose a relatively small part of 
thyroid tissue. The follicles do not differ in size greatly and they are 
almost spherical or ovoid, but some are tubular or sacculated. The 
follicles are completely surrounded by a network of delicate reticular 
fibers. The epithelial cells are very small forming a thin epithelial 
stratum. At this age, the nuclei are also very small showing different 
stages of mitotic divisions. Colloid substance fills the entire lumen of 
the follicles. It may appear homogeneous or finely granular. The 
vacuoles that appear in the colloid are probably a fixation artifact. 
Also, the colloid substance is not concentrated in the center, but is 
distributed throughout the lumen. Most of the follicles have well 
defined lumina which vary in size according to the size of each follicle. 
However, some follicles have no lumen due to the small size of their 
follicles. It seems that these latter follicles are in their process of 
formation (Figure 1). 

The general structure of the thyroid tissue at 8 weeks of age does 
not differ greatly from that of 4 weeks of age. The main changes 
include the increase in size of follicles, lumen and cells. The part 
of thyroid tissue occupied by the follicles also increases at the expense 
f the interfollicular tissue. The lumen could also be distinguished in 
more follicles (Figure 2). 

Marked changes could be observed in the thyroid at 12 weeks of 
age (Figure 3). These changes include the great increase in size of 
follicles, lumen and cells. This increase diminishes the area occupied by 
the interfollicular tissue and an increase in the area of follicles. The 
thickness of the epithelium also increases. The spherically shaped 
epitheli:! cells could be clearly observed. Increase in size also occurs 
in interfollicular cells. The general appearance of the tissue still shows 
compaciness and no vacuoles are found between or inside the follicles. 


GAMAL A. R. KAMAR 195 





FIGURE 1 
Thyreid gland tissues ef Fayemi ceckerels at 4 weeks of age (X 165). 





FIGURE 2 
Thyroid gland tissues of Fayomi ccckerels at 8 weeks 


ef age (xX 500). 
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FIGURE 3 
Thyroid gland tissues of Fayomi cockerels at 12 weeks of age (x 500). 





FIGURE 4 
Thyroid gland tissues of Fayomi cockerels at 16 weeks of age (xX 500). 
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Some of the follicles have no colloid inclusions. The apparent variation 
in sizes of follicles may be due to varying levels of sectioning since 
some cuts may occur at the proximal end near the follicle surface, 
while others may occur at the center. 

At 16 weeks of age, slight increase in follicle, cell and lumen size 
is observed (Figure 4). Dense colloid substance now fills the lumen. 
The cells still show their spherical shape. Interfollicular tissue stroma 
and cells are still found in moderate quantity.. Small vacuoles are 
found between the different tissue structures that may be either 
fixation artifacts or due to the increased proportion of noncellular 
tissue. 

At the following stages up to 52 weeks of age, there are slight and 
varying changes in follicle size with no distinct trend of increase or 
decrease. Occasionally, cells show a somewhat elongated shape when 
the follicles are extremely elongated and become sacculated. At the 
same time, cells tend to be somewhat smaller in size. In spite of the 
tendency to increase in colloid substance with advancing age, some 
follicles have little or no colloid in their lumen. Also, few, if any, 
interfollicular cells and little stroma could be found at these ages 
(Figures 5, 6, 7, 8 and 9). 

In general, two distinct developmental changes could be detected 
in the thyroid tissue. The first, from 4 to 20 weeks of age, when 
steady and rapid increase in size and thickness could be observed in 
the cells, lumen and epithelium of the follicles. The rate of lumen 
increase is more pronounced than the other elements of the follicles, 
which causes an apparent decrease in the cellular tissue, either in the 
follicles or in the interfollicular spaces. The increase in size of the 
lumen is also accompanied by a similar increase in colloid substance. 
However, at the end of this period, the cellular tissue still represents 
most of the thyroid structure. It seems that during this stage most 
of the extra interfollicular cells are in process of forming new follicles. 
This period is also characterized by the formation of new follicles 
from the extra interfollicular cells. Another trend of change could be 
distinguished during the period from 24 to 52 weeks of age. During 
this period there is clear evidence of the expansion and elongation of 
most of the follicles, leading to a similar elongation of the lumen, cells 
and epithelium. This change in shape greatly increases the amount of 
colloid substance at the expense of the cellular tissue. However, the 
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FIGURE 5 
Thyroid gland tissues of Fayomi ccckerels at 20 weeks of age (X 500). 





FIGURE 6 
Thyroid gland tissues of Fayomi cockerels at 28 weeks of age (x 500). 
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FIGURE 7 
Thyroid gland tissues of Faycmi cockerels at 36 weeks of age (x 500). 





FIGURE 8 
Thyroid gland tissues of Fayomi cockere!ls at 44 weeks of age (xX 500). 
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colloid substance seems not to to be as concentrated as in the first 
stage. During this period no evidence of new follicle formation could 
be found. Also, the cells show an almost constant size, with a few 
exceptions. 





FIGURE 9 
Thyroid gland tissues of Fayomi cockerels at 52 weeks of age (X 500). 


Growth estimates of thyroids: 

As far as the actual weights of thyroids are concerned, gradual and 
rapid increase is insured during the period from 4 to 16 weeks of age. 
Afterwards, there is a gradual but slower increase up to 52 weeks of 
age (Table I). As rate of increase of body weight varies from that of 
the thyroids, it could be clearly observed that during the first four age 
groups (4, 8, 12 and 16 weeks of age), the highest ratios of thyroid 
tissue, expressed as milligrams per 100 grams of body weight, are 
observed. This is due to the fact that. the rate of thyroid growth is 
greater than that of body growth. The values at other ages during the 
rest of experimental period vary within small limits without any con- 
stant trend of increase or decrease. It seems that during these latter 
ages the rate of growth in the thyroids parallels that of body growth. 
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In the histological estimates, epithelial cell counts of the thyroid 
follicles are relatively small during the first four ages. Subsequently, 
gradual but fluctuating increase in cell number is clear. Inner diame- 
ters of thyroid follicles show a fluctuating gradual increase along with 
the increase of age. These histological estimates could not give a clear 
picture about thyroid activity separately. When number of dividing 


TABLE I 











AGE DIFFERENCES IN THE DIFFERENT THYROID GLAND EsTIMATES 
Av. cell 
Total Av.cell Av. inner no. on 
Age thyroid Mg. thyroid no. in diameter diameter of Relative 
in wt. per 100 gram each of the follicle body 
weeks bird (mg.) bedv wt f-Vicle _ fellicle (u) (n/d) increment 

4 12 17.5 20 19 1.06 a 
8 32 13.9 16 19 .84 1.08 
12 71 15.4 22 37 59 .67 
16 98 20.0 19 40 48 .06 
20 75 10.2 23 57 Al 40 
24 110 13.6 20 34 .60 10 
28 112 11.9 27 41 .66 15 
32 122 10.9 33 52 .63 17 
36 97 8.8 38 64 58 —.01 
40 120 10.0 33 50 .66 08 
44 153 11.8 34 54 .64 .08 
48 145 10.2 38 58 .66 .08 
52 162 12.2 29 43 .67 —.06 








cells on the inner diameters of follicles (n/d) is estimated, there is a 
clear trend indicating directly the thyroid activity during the different 
stages of cockerel life. In this work, it was found preferable to divide 
n by d to give a direct and positive correlation with thyroid activity, 
rather than to divide d by n as advised by Lever (1948) which gives a 
negative reading for thyroid activity. 

The value of n/d is very high at 4 weeks of age, then decreases 
gradually until 20 weeks of age. During the ages from 24 to 52 weeks, 
the value of n/d rises again and reaches almost the same value. This 
indicates that thyroid activity is high during the early stages of life, 
then this activity decreases with the advancement of age until 20 
weeks of age. Afterwards, the thyroids reattain their normal activity, 
but not to the same degree as in the young, and remain at the same 
level of activity during the rest of the life span. No seasonal trend is 
observed in thyroid activity as measured by this method during the 
period from 24 to 52 weeks of age, although the thyroids taken at this 
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period covered the period April till December, representing spring, 
summer, autumn and winter seasons. It seems that during the first 
year of age, developmental changes in thyroid activity overlap the 
effects of season, and the slight changes observed here could not be 
referred to seasonal variations, and do not show any trend. 

As thyroid activity is one of the main factors influencing body 
growth rate, a clear coordination between the two trends is observed. 
The effect of thyroid on relative increment, however, shows a refractory 
period of 4 weeks’ interval. It is clear that the sequence of events in 
thyroid activity precedes that of relative increment with 4 weeks. 
Similar results were observed by Schultze and Turner (1944 & 1945), 
as they had found that thyroxine secretion rate per constant weight of 
body decreased steadily with advancement of age up to 6 months and 
showed also that the greatest increase in secretion rate occurred during 
the period of greatest growth in body from 4 to 12 weeks of age. 

Fayomi cockerels attain sexual maturity at an age ranging from 16 
to 20 weeks, when measured by the first appearance of sperm in the 
seminiferous tubules (Kamar, 1960a), or by the first ejaculation of 
semen containing sperm (Kamar, 1960b). From these findings, and 
those reported here, it is obvious that the maximum thyroid activity, 
as measured by n/d value or by relating thyroid weight to body weight 
precedes the stage of highest sexual development (Kamar, 1960c), 
since thyroid activity is found to be essential for initiating and estab- 
lishing the complete seminiferous tubules and the formation of sperm. 
Also Breneman (1954) found that the greatest growth of cockerel 
gonads occurred after the greatest growth in thyroids. When sexual 
maturity occurs, growth of thyroid and body is stunted for a while. 
This is clear from estimates of thyroid activity at 20 weeks of age, 
when the least values are observed. It seems that during the process 
of establishing full reproductive activity, thyroid activity is lowered. 
Afterwards, thyroid activity rises slightly to its normal level which 
continues until the end of one year of age. Also body growth rate is 
not changed after this age. It seems that when sexual development is 
well established, thyroid activity rises again and the energy previously 
spent in establishing the sex organs is utilized to activate other organs. 

From histological tests it is clear that the activity of the thyroids are 
closely related to the size attained by cells in the follicles. As the 
activity, when judged by the different criteria previously mentioned, 
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decreases, it is clear also that the cellular tissue of follicles coordinates 
and decreases. After the age of 20 weeks, no further changes occur in 
the proportions of cells and also no changes in thyroid activity. Ac- 
cordingly, the first period is characterized by the highest thyroid 
activity while the second period is characterized by lower and almost 
constant activity. For preliminary judging of thyroid activity, it is 
possible that a look at the quantity of cellular tissue could give an 
approximate estimation. Also Larson et al. (1945) found that increased 
activity in the thyroid gland coincided with the increased in number 
of cells, while the increase in amount of colloid is an indicator of 
decreased activity. 


SUMMARY AND CONCLUSIONS 


Thyroid glands were obtained from 39 Fayomi cockerels of 13 age 
groups begining with 4 weeks and ending with 52 weeks of age, then at 
4 week intervals. The thyroids were weighed fresh, fixed in Bouin’s 
fixative, embedded in paraffin, sectioned and stained with haematoxy- 
lin-eosin. The following results were obtained: 

1. After the histological examinations, it could be observed that 
with the advancement of age there was an increase in follicle and 
lumen size, cell size and number, and thickness of the epithelium. 
This trend extends until 20 weeks of age. Afterwards, there is another 
trend of change represented by the expansion and elongation of folli- 
cles, lumen, cells and epithelium; however, no change in the size of 
these structures was observed. At all periods, increase of age was 
accompanied by increase of noncellular tissue at the expense of the 
cellular tissue. 

2. Two distinct stages of change in thyroid activity could be 
observed: The first occurred prior to 20 weeks of age when the thyroids 
showed the highest activity, though there was a decreasing trend with 
age advancement; the second appeared from 24 weeks of age onward 
when almost constant but lower activity was observed. 

3. Thyroid activity coincided with the rate of body growth with 
a 4 week refractory period of effect. Meanwhile, the greatest repro- 
ductive activity occurred after the highest thyroid activity. The 
thyroids showed lowered activity during the onset of sexual maturity 
and also during the process of establishing full sexual maturation. 
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Little is known concerning the effect of age on susceptibility of the 
host to tumors transplanted from a mouse of one strain to a mouse 
of a resistant strain. 

In 1920, Dr. C. C. Little (2) reported that young mice of a non- 
inbred N or normal strain gave a higher percentage of temporary 
growths than adult mice of the same strain when inoculated with a 
tumor which had been carried in the Japanese Waltzing mouse for 
several generations without interruption. These young mice gradually 
lost their susceptibility during the first few weeks of life, that is, 
during adolescence. 

Strong (4) reported in 1922 that a mouse in early sexual maturity 
was less susceptible to a transplanted tumor (an adenocarcinoma of 
mammary gland origin) than a senescent or even an immature one. 
Inbred mice which are now the standard for use in biological and 
cancer research were not used in Strong’s or Little’s experiments since 
inbred mice had not been developed when this work was being done in 
the 1920’s. In fact, this early work emphasized the need for the 
development of inbred mice. 

The object of this paper is to determine whether or not age (at or 
near the two extremes of life) is a factor underlying susceptibility to 
a transplanted tumor derived from a mouse of one inbred strain and 
tested in mice of another totally unrelated resistant inbred strain. 


* This experiment has been performed at the Biological Station of Roswell Park 
Memorial Institute as part of a cooperative plan with Griffith Institute and Central 
School. It has been financed in part by a grant from the National Science Foundation. 
Acknowledgment is due to Dr. L. C. Strong for his advice during the extent of the 
experiment. David Fleckenstein kindly continued the work for me during part of the 
summer of 1960. 
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MATERIALS 


a. Tumor: The tumor used was an anaplastic carcinoma that 
arose in the forestomach of a mouse of the inbred PBr/St strain, fol- 
lowing the subcutaneous administration of methylcholanthrene (1). 
When the tumor was transplanted into the PBr/St mice subcutane- 
ously, it was found to grow progressively and eventually resulted in 
the death of all mice within six weeks. 

b. Mice: The F,/St mouse was chosen for this experiment for two 
main reasons. The F/St (5) and the PBr/St mice (6) are in no way 
related having had entirely independent descents from the time of 
their separate origins. The F mouse, due to its genetic makeup, is 
highly resistant to many types of tumors derived from mice of other 
inbred strains independent of its own strain. The F mice will, how- 
ever, accept transplants of their own spontaneous lymphatic mye- 
logenous leukemias. Many attempts have been made to adapt tumors 
of foreign strains to growth in F mice with only indifferent results(8 ). 


METHODS 


a. Inoculation: The method for inoculation of the tumor is one 
that has been in practice for many years, that is, the standard trocar 
method. Adult and senescent mice or mice beyond adult sexual matu- 
rity were inoculated with tumors by this procedure. 

When inoculating newborn mice a few modifications were necessary. 
The F mouse has had a history of eating its young if handled when 
born, so it was necessary to foster the newborn F’s to a more maternal 
mouse. In this case, the CFW or Swiss mice were used. The Swiss 
female accepted the F’s very well and allowed them to be handled. 
When inoculating the young, it was impossible to use a trocar because 
of its size. Therefore, the young were injected subcutaneously using 
a #16 hypodermic needle with a thin platinum wire plunger. 

b. Observations: Each mouse was given a serial ear number. A 
week after inoculation the mouse was palpated to determine whether 
the tumor was still present or had regressed. In the case of the new- 
born, observations could be made visually. If a tumor was present its 
approximate size was indicated on the record sheet by means of a 
drawing for comparison at each observation. 
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RESULTS 

a. Newborn: Fifty newborn F mice were prepared for inoculation 
(Table I). Forty-seven of mice survived foster nursing. They were 
then injected with the anaplastic carcinoma between two and three 
days of age. Forty-five mice survived for at least five days after 
inoculation. Of these forty-five, seventeen or 37.78 per cent showed 
growth of the tumor at five days. After this period visual observation 
was impossible because hair had begun to grow over the site of inocu- 
lation. Fifteen days after inoculation the mice were again observed; 
this time by palpation. In three of the forty-five mice, the tumor had 
grown steadily to about 50 mm. in size. This is 6.6 per cent of the 
original group of newborn mice inoculated. Two of these mice were 
allowed to carry the tumors without interruption. In six weeks’ time 
these tumors had completely regressed. The other tumor-bearing 
mouse was sacrificed so that its tumor could be inoculated and carried 
in other newborn F mice. This tumor was carried for three successive 
inoculations into thirty mice. At each transfer the tumor was inocu- 
lated into ten newborn mice. In at least two mice of each group the 
tumor grew to a size large enough to be transplanted into a second 
group, but in the third transfer group, the tumor never reached a size 
large enough to be re-transplanted. 

Sixty-seven newborn F mice were permitted to nurse their own 
mothers (Table I). Of these, forty-nine were alive one day later, at 
which time they were inoculated with the anaplastic carcinoma. Their 


TABLE I 
This table contains data on the number of mice showing palpable tumcrs at one week 
intervals following the implantation of an anaplastic carcinema into mice cf the F strain. 


Mice Alive anime 


Start Days Weeks 

1 5 1 2 3 4 5 6 7 

Festered Newbern 50 47 45 17 3* 2 2 2 0 0 
Newborn 

not fostered 67 49 36 12 2 2** 1 1 0 0 

Total Newborn 117 96 81 29 5 4 3 3 0 0 

Adult 60 0 0 0 0 0 0 

5 7 2 tee 1+*## 


Senescent 60 1 





* One mouse bearing tumor sacrificed for serial transfer. 
** One mouse bearing tumor sacrificed for serial transfer. 

*** One mouse bearing tumor died. 

**** One mouse bearing tumor eventually regressed tumor but only after seven weeks. 
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reactions to the tumor were approximately the same as that which 
had been obtained in the first series of newborns raised by foster 
mothers of the CFW/St strain. Thirty-six were alive after one week 
of age at which time twelve showed palpable tumors. Progressive 
growth of the tumor occurred, however, in only two mice. One of these 
was sacrificed in order to transplant the tumor into another series of 
newborn F mice. No tumors were observed in this experiment (the so- 
called Ts generation of transplantation). The transplanted tumor of 
the other mouse eventually regressed, as was the case of the tumor 
produced in the first series of newborns. In other words, the growth 
of the anaplastic carcinoma in the newborn was only temporary. 

b. Adults: Sixty adult F mice (7 to 12 months old) were used in 
this part of the experiment (Table I). The sixty adult mice were 
inoculated with the anaplastic carcinoma and observed two weeks 
later. When observed by palpation none of the sixty showed any 
evidence of the inoculation. 

c. Senescent: Sixty senescent F mice were used (Table I). Two 
weeks after inoculation they were observed by palpation. It was 
discovered that fifteen, or twenty-five per cent, of the senescent F 
mice showed signs of still possessing the tumor. The grafted tumors 
were, however, rather small. The third week after inoculation the mice 
were again observed by palpation. The number that showed evidence 
of tumors had dropped to 11.6 per cent of the original sixty mice. This 
indicated that the tumor was regressing in the majority of the senescent 
hosts. The fourth week it was found that only 3.3 per cent of the mice 
showed any evidence of the tumor. At the fifth week one of the tumor- 
bearing mice died. Whether it was due to the tumor, which was about 
1 cm. in size, or to old age could not be determined. After seven weeks, 
one senescent mouse still had a sizable tumor. 

The term senescent (growing old) applies to that state when the 
physiological processes are gradually being lost after adult sexual life. 
Senescence takes place at different levels of age for the different 
functions of the body. There is also a species and a familial factor. 
Mice of different inbred strains “age” differently. In this paper, an 
F mouse is usually considered senescent when the reproductive capacity 
has been impaired. This is usually beyond nine months of age. 





} 
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DISCUSSION 


This experiment deals with the problem of specificity of a trans- 
planted tumor, that is, the ability of a transplantable tumor to grow in 
a particular animal. The F/St mouse is a strain very resistant to the 
growth of an anaplastic carcinoma as reported by Strong (7). The PBr 
tumor (an anaplastic carcinoma) is easily accepted in mice of many 
strains as reported by Strong (7) and by Snethen and Hicks (3). The 
PBr tumor will not grow in adult mice of the F/St strain as reported 
in this paper and others (3, 7, 8). It is possible to obtain a temporary 
growth of this tumor in the newborn and in the senescent F/St mice. 
Thus, it can be concluded that an organism gains resistance to the 
growth of a transplantable tumor from a foreign strain through adoles- 
cence and then reaquires susceptibility to the growth of the same tumor 
during senescence. 


As this paper shows, Gerontology, the study of the aging process, 
may play an important role in future cancer research. Conversely, it 
may be stated that cancer research may aid the investigation of Geron- 
tology. The full reactions and many characteristics of an organism are 
present only in the adult or sexually mature state. These are gradually 
acquired through adolescence and gradually lost through senescence. 
The study of gerontology is the study of senescence. In some ways, the 
study of adolescence can be said to be just the reverse. 


SUMMARY 


Age is indicated by three stages, as follows: (1) from birth to sexual 
maturity, or adolescence; (2) sexual maturity or adult life; and (3) 
senescence, or the time between the end of adult life and death. The 
ability of grafts of transplantable tumors to grow in mice varies in 
these three stages. Adult mice are resistant to the growth of tumors 
from foreign strains. This experiment shows that young mice a few 
days of age, or old or senescent mice will accept grafts from another 
strain. Some of these growths are temporary, but some are progressive. 


REFERENCES 


1. BacsHaw, M. A., & Stronc, L. C. 1950. The Occurrence of Tumors of the Fore- 
stomach in Mice after Parental Administration of Methylcholanthrene. A Histo- 
pathologic and Genetic Analysis. J. Nat. Cancer Inst., 11, 151-175. 

2. Lirtte, C. C. 1920. Factors Influencing the Growth of a Transplantable Tumor in 
Mice. J. Exper. Zool., 31, 307-326. 








210 ANAPLASTIC CARCINOMA IN THE “F”’ MOUSE 


mn 


SNETHEN, R., & Hicks, K. 1960. Specificity of a Transplantable Tumor. Growth, 
24, 193-202. 

Stronc, L. C. 1922. A Genetic Analysis of the Factors underlying Susceptibility to 
Transplantable Tumors. J. Exper. Zool., 36, 67-134. 

—, SmitH, G. M., & Garpner, W. U. 1936. (An Unusual Occurrence of an 
Epithelioma of the Anus in a Mouse of the F Strain. With a note on the origin 
of the F Strain.) Bull. Vassociation Francaise pour l’etude du Cancer, 25, 1-9. 

————. 1955. The Origin of Some Inbred Mice. II. Old Techniques and New. 
J. Cancer Research, 15, 1417-1426. 

1959. Recent Contributions on the Genetic Concept for the Origin of 











Cancer—Studies on the Nature of Adaptation of the Transplantable Tumcr. Proc. 
3rd. Canadian Cancer Conf., pp. 99-134. 

ZAHLER, W. 1960. A Change in a Transplantable Anaplastic Carcinoma by Passage 
through X-irradiated F Mice. Cancer Research, 20, 420-424. 





Growth, 1961, 25, 211-217. 


STUDIES OF RELATIVE GROWTH IN GERRIDAE (5)* 
COMPARISON OF TWO POPULATIONS 
(HETEROPTERA: INSECTA) 


RyvuIcHI MATsuDA AND F. JAMES ROHLF 


The University of Kansas 


Received February 23, 1961 


This is the fifth of a series of papers in which it is proposed to study 
the relative growth of the antennae and legs in the Gerridae. The 
problems concerned were stated in the form of hypotheses in the first 
paper of this series by Matsuda (196la). Tests of two of these hy- 
potheses are described below. They are: 1) When the growth ratio 
(regression coefficient on an index of size) or the initial growth index 
(y-intercept) for a segment varies among a group of related species, 
the ratio or index for other segments varies in a parallel fashion. 2) 
Among a group of related species, the growth patterns (growth ratio or 
initial growth index or both) of segments with higher growth ratios are 
more similar than are those of the other leg and antennal segments 
with lower growth ratios. 

While the hypotheses were originally intended to apply at the inter- 
specific level, the present study attempts to test them at the level of 
populations within a species, Trepobates trepidus Drake and Harris, 
which was collected in two geographically isolated localities (San 
Miguel Allende, Michoacan, Mexico and San Jose, Costa Rica). This 
requires a more refined method in calculating the relative growth ratios 
of segments than that used in the preceding papers of this series, since 
the differences in growth pattern between the two populations are 
expected to be less than that between different species. The method 
of calculation is presented below. As noted in the section on methods, 
the initial growth index (Y-intercept) in this study is different in 
nature from that used in previous papers of this series by Matsuda 


* Contribution number 1111 from the Department of Entomology, The University 
of Kansas. This study was carried out with the aid of a grant from the National 
Science Foundation (Matsuda) and during the tenure of a fellowship from the Division 
of General Medical Sciences, United States Public Health Service (Rohlf). 
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(1961a, 1961b, 1961c, 1961d). Hence the testing for differences in the 
initial growth index was not attempted. Ten individuals in each of 
six developmental stages were measured in each population and only 
female individuals after the fifth stage. 


METHODS 


In a study of relative growth, there is always the question as to which 
measurement best measures the overall size of the organism under 
consideration. Sometimes there is a convenient and obvious measure- 
ment such as weight, volume, or perhaps total body length. Because 
weight and total body length are affected by the method of preserving 
and the physiological state of the organism when killed, and because 
the total volume is very difficult to measure accurately in an organism 
such as the gerrid treated in this paper, it was desired to estimate the 
“size” of a specimen in terms of various morphological measurements. 
To do this a linear combination of the logarithms of all measurements 
(13 leg and antennal segments, and head width) was used as an 
estimate of the general size of the specimen, instead of giving a priv- 
ileged role to any one of these measurements. The linear combination 
is a weighted geometric mean of the original measurements. The 
particular weights to be used are determined by an analysis of the 
correlation among the characters measured. A detailed account of this 
procedure was given by Teissier (1955, 1960). 

Geometrically, the procedure is as follows (see Fig. 1 for two 
dimensional example): Each point, representing an individual speci- 
men, is projected onto the main or principal axis of the ellipsoid of 
concentration of points in a p-dimensional space (where p is the 
number of characters measured). The position of the projection of 
each point along this axis, which can be expressed in standard devia- 
tion units, is the estimate of the general size of each specimen. 

The computational steps are as follows: (1) transform the original 
measurements to logarithms, (2) standardize transformed measure- 
ments by characters, i.e. x. = (x - x)/s, where x is the mean and s is 
the standard deviation of a given character, (3) compute a matrix 
of correlations among the characters, (4) extract the first factor from 
the correlation matrix, using either a principal axis solution or a: 
centroid method as an approximation as was done in the present 
study (see Thurstone (1947) and White (1958) for various methods 
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of computation). This first factor is the general size factor of factor 

analysis, (5) compute the projections of each point (representing an 

individual specimen) onto the general size factor as follows: 
Pp 

P; = S x’‘ijfj; where P; is the projection of the i-th point, p is the num- 
j=1 

ber of characters measured, x’i; is the transformed and standardized 
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FIGURE 1 
Schematic scatter diagram to demonstrate the methods used in the present work. 
Characters and projections are in standard deviation units. Shaded region represents an 
equal frequency ellipse [see Jolicoeur and Mosimann (1960) for method of calculation]. 


measurement of character j on specimen i, and fj; is the j-th factor 
loading (the correlation between character j and the general size 
factor), and (6) standardize the projections, pi = (Pi - p) s, where 
p is the mean and s is the standard deviation of the projections. All 
of the above steps were performed on the IBM-650 electronic digital 


computer. It is now possible to make the usual graphs depicting the 
change in various measurements relative to an index of size (Fig. 2). 
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The Y-intercept (initial growth index) of the regression line of a 
measurement onto general size is the mean of that character, and the 
slope (growth ratio or regression coefficient) of the line is equal to 
the product of the standard deviation of that character times the 
factor loading of that character (from step 4 above). The results 
of these computations are shown in Table I. 
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FIGURE 2 


Allometry of segments plotted as a function of the general growth factor. 


Justification is perhaps necessary for limiting the study to only the 
first factor since in most studies several factors are extracted and 
interpreted, e.g., Kraus and Choi (1958), Jolicoeur and Mosimann 
(1960). In the present study, the first factor accounted for 99.6 
percent of the total variance, so that virtually none was left to be 
explained by other factors such as those describing trends in shape 
variation [| Jolicoeur and Mosimann (1960) }. 


DISCUSSION 


As noted in Table I, the growth ratio of segments in the population 
from Mexico are greater than those of homologous segments of the 
population from Costa Rica, and the differences are statistically 
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highly significant (P<0.01) except for that between front tarsi 
(0.5>P>0.1). Hypothesis 1 stating that when the growth ratio 
varies for a segment among a group of related species ( populations), 
the ratio for other segments varies in a parallel fashion, thus holds to 
a great extent. 

It should be also noted in Table I that the growth ratios of the seg- 
ments with relatively high growth ratios (basal antennal segments, 
front femur, middle tibia, hind femur) are more similar than those 


TABLE I 
COMPARISON OF GROWTH Ratios 
Population 1 Population 2 
(Mexice ) (Costa Rica) @ Arctanb, - -Arctanb., 
Ist ant. seg. 0.2807 0.2721 28’ 
2nd ant. seg. 0.2688 0.2623 22 
3rd ant. seg. 0.2709 0.2534 56 
4th ant. seg. 0.1847 0.1693 51’ 
Front femur 0.2713 0.2665 16’ 
Front tibia 0.2339 0.2277 20’ 
Front tarsus 0.2268 0.2197 24’ 
Middle femur 0.2339 0.2262 2 
Middle tibia 0.2550 0.2432 38’ 
Middle tarsus 0.2154 0.2012 48’ 
Hind femur 0.2835 0.2750 27’ 
Hind tibia 0.2230 0.2067 53’ 
Hind tarsus 0.1984 0.1806 59’ 
# is the angle between the two regression lines expressed in minutes of a degree (b, 


for population 1 and b., for population 2). 


of the segments with lower growth ratios (fourth antennal segment, 
middle tarsus, hind tarsus, etc.). The growth ratios of the third anten- 
nal segment in the two populations, however, are considerably different, 
in spite of the fact that the growth ratio of this segment is one of the 
greatest in both populations. This situation can also be visualized 
from Fig. 3 in which the differences in the angle between the regression 
lines (growth lines) of homologous segments in the two populations 
are plotted against the average slope of the two regression lines. The 
correlation between difference in angle and average slope is 
-0.60(P<0.05). Hence, one may accept, on the basis of the above 
evidence, hypothesis 2 that among a group of related species ( popula 
tions) the growth ratio of segments with higher growth ratios are more 
similar than are those of the other leg and antennal segments with 
lower growth ratios. 
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The hypotheses which were originally put forward to apply at the 
snecific level are now found to apply at the population level, and indeed 
more beautifully than in the previous works in which different species 
were compared ( Matsuda, 196la, 1961b, 1961c, 1961d). It is sug- 
gested that the hypotheses would hold better the lower the level in 
taxonomic unit (subspecies, population within a species). When 
species are not closely related, often only hypothesis 1 holds as was 
observed in comparing two species representing different subgenera 
of Gerris (Matsuda, 1960) and Platygerris (Matsuda, 1961d). 
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Scatter diagram of 13 segments plotted as a function of their average growth ratio in 
the two populations and the angle between their regression lines in the two populations. 

The two populations compared are actually hardly distinguishable 
at any stage of development on the basis of conventional morpho- 
logical characters. There is no tendency, in the two populations of 
Trepobates trepidus, as has been recently noted in Notonecta by De 
Abate (1960), for the body size to become smaller the closer the 
localities lie to the equator in the Western Hemisphere. The localities 
are at relatively high altitudes (3868 feet in San Jose and 6397 feet 
in San Miguel Allende), so that clinal change in body size is not 
expected to occur. Yet the growth patterns of leg and antennal seg- 
ments are evidently different as noted above. 
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SUMMARY 


1. Relative growth of leg and antennal segments in two populations 
(Mexico and Costa Rica) of a gerrid, Trepobates trepidus Drake and 
Harris, were compared using the general size factor of centroid factor 
analysis as the reference dimension. 

2. The general size factor accounted for 99.6 percent of the total 
variation observed. 

3. It was found that the growth ratios (regression coefficients on 
general size) for each of the segments measured were all greater in the 
population from Mexico than in the population from Costa Rica. 

4. There was found to be a significant negative correlation between 
the average growth ratio of a segment in the two populations and the 
difference between the growth ratios of that segment in the two popu- 
lations, i.e., the growth ratio of the two populations differed more in 
those segments with lower growth ratios. 
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INTRODUCTION 

European populations of Raza have recently been the subject of 
a monograph by Kauri (1959) in connection with a critical discussion 
of the “climatic rules” of morphologic differentiation. In particular, 
the most important “race- and species-forming” criteria were re- 
viewed. His investigations indicate that most of these features are 
little more than modifications of slight taxonomic importance. 

One of the characters that has often been considered to be of great 
taxonomic importance is the size of the prehallux. Kauri’s work 
shows this to be largely an ontogenetic-conditioned feature. Other 
dimensions taken up in the monograph under discussion are body 
length (measured between snout and posterior end of os coccygis), 
length of tibia and, in some cases, length of femur, cranial breadth 
and cranial length (the former measured across the point of jaw 
articulation and the latter measured from snout tip to the occipital 
nargin). Details of the mensurational techniques employed are given 
in Kauri (1959, p. 16); all measurements in mm. Kauri’s studies were 
made with the aid of standard techniques of univariate and bivariate 
analysis. In the present paper a few notes are presented on conclu- 
sions that may be drawn from Kauri’s published data by the use of 
‘multivariate’ biometric analysis. The calculations are based on 
mature individuals, as classified by Kauri. The reasoning involved 
in the following is more fully discussed in a recent paper by the writer 
(Reyment, 1960), to which reference is also made for details concern- 
ing pertinent literature. 


SEXUAL DIMORPHISM IN CRANIAL DIMENSIONS 


A good suite of cranial measurements for Rana esculenta from 
Vienna were available which permit the following conclusions. 
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The sample of mature females consists of 35 specimens and that of 
mature males contains 14 specimens. The two cranial dimensions 
measured are length of cranium, x:, and breadth of cranium, xs. Test- 
ing difference of means by a univariate t-test gave for the difference 
between cranial lengths t = 0.78, and for the difference between cranial 
breadths t = 1.01, neither of which are significant, and on the basis 
of these results significant sexual dimorphism in the two dimensions 
considered cannot be claimed to exist. 

The data were then tested in a T°-test. The required statistics are: 


1. Covariance matrices 


5 = 17.683 20.290 
"~~ | 20.290 24.407 

5, — | 18.479 19.095 ] | 
* ~~ 1 19.095 20.755 


2. Mean vectors 
— 22.860 ail = = 21.821] . 
* ~~ [24.397 “~~ 122.843 
3. Inverse of S\, the pooled covariance matrix 


ext gs 5.504 —4.800] . 
a ie 4.407 


In order to obtain the T*-statistic it is first required to expand the 
quadratic form 
Q = (%1 — x2)S\~ "(41 — x2)’. 
The difference vector 


= = _ 1.039 
= a bed 


From these values we obtain Q = 1.192. 
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Tr =Q ck. * 11.92. 
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as a variance ratio with 2 and 46 degrees of freedom the difference in 
mean vectors is significant on the 1°%-level. There is thus definite 
sexual dimorphism in the two dimensions studied. 


MEAN VECTORS OF POPULATIONS 


For the purposes of this investigation samples from populations of 
Rana esculenta from Southern Sweden (N = 17), the environs of 
Vienna (N = 49), Austria, the Balkan area (N = 34), and North 
Africa (N = 25) were considered. It was desired to ascertain whether 
significant differences in the mean vectors occur; i.e., does 


My oe Lo — [ts — Ly, 


where {; denotes the mean vector of the ith population. Owing to 
the results obtained in Kauri’s investigations there are objections to 
using any one of body length, x:, tibia, x2, or prehallux, xs, on its 
own in an analysis of variance. A preliminary analysis of variance 
using Xs actually shows it to be significantly different in the material 
studied, but this may be fortuitous. It therefore would be desirable 
to be able to base studies on the geographical unlikeness of popula- 
tions of Rana esculenta on several characters instead of just the 
doubtful prehallux dimension. The three variables were therefore 
investigated in a trivariate dispersion analysis for four samples from 
four populations. 

The following matrices are required for this analysis (matrices of 
sums and products). 


1. Total dispersion matrix (N = 125). 


18303.70 9377.23 1092.55 
r= 9377.23 5403.04 534.35 
1092.55 534.55 123.72 
2. Total dispersion matrix within samples. 
16861.24 8862.01 835.10 
v= 9962.01 5094.31 461.98 
835.19 461.98 69.82 


The ratio of the determinants of these matrices provides the 
statistic A: 
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A = -——.= 0.278124 
T 
The significance of this value is obtained by calculating the statistic 
V = mlog. A = — (0 _ ers =") log. A 154.20. 
2 


V is roughly distributed as x° with pq = 9 degrees of freedom. The 
above value is significant on even the 0.1% level and there is no doubt 
that the four populations of Rana esculenta differ highly significantly 
with respect to the three characters treated. 


COMPARATIVE “VARIABILITY” OF Rana esculenta AND 
Rana temporaria 

A concept that may prove useful in taxonomic work is a generaliza- 
tion of the univariate coefficient of variation. It was recently proposed 
by the writer (Reyment, 1960). By definition it is 

S 1 /2k 
‘= —— 
x 
the ratio of the 1/2k th root of the generalized variance, divided by 
the absolute value of the mean vector, where k is the number of 
characters investigated. 

In the present study it was of interest to obtain an impression of 
the relative variability of R. esculenta, compared with that of R. 
temporaria. With this end in view the Southern Swedish populations 
of both species were analyzed, first by univariate analysis of body 
length, tibia and prehailux and then all three taken together. The 
results are shown in the following table. (Vi. = coefficient of variation 
for the length dimension, Vv is that of ‘he tibia and Vp that of the 
prehallux; V: is the trivariate coefficient. ) 


Ccefficient Rana esculenta Rana temporaria 
Vi 10.09 21.22 
Ver 12.10 19.71 
Vp 9.41 23.13 
V2 11.31 K 10-4 13.19 K 10-= 





These figures indicate the higher variability in the sample of Rana 
temporaria. 
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DIAGRAMMATIC REPRESENTATION OF THE TRIVARIATE 
GEOGRAPHICAL VARIATION 


It is useful to be able to give an idea of the geographic unlikeness 
by means of a diagrammatic representation. This was accomplished 
with the aid of a discriminant function between a sample from the 
population of Rana esculenta in Skane and the Balkans population. 
By substituting sample mean vectors in the resultant equation a series 
of values for the various geographic occurrences is obtained. The 
three dimensions used in the calculations are those of body length, 
x1, tibia, x2, and prehallux, xs. The following data were used in the 
construction of the discriminant function. [Ni = 34, Ne = 17.] 


1. Pooled covariance matrix inverse 


0.02398 0.08309 — 1.01075 
§-' = 0.08309 —0.61596 3.92600 
—1.01075 3.92600 16.51220 


2. Sample mean vectors 


; 67.747 - 62.797 
x = | 31.394] and x = | 33.791 
4.718 3.544 


The three discriminant function coefficients obtained from these data 
are: 9:5 = —1.339, d2 = 6.248, 5; = —30.767. The discriminant 
function is 

Z = Xi — 4.666x2 + 22.978x3. 


A rough idea of the effectivity of the function was obtained by cal- 
culating dz, = 24.837, which indicates a high probability of ef- 
fectivity. 

The values obtained by substituting the mean vectors of the samples 
of the various populations in the above discriminant function are: 

















Rana 
Rana esculenta temporaria 
Popu- North South Asia 
lation Skane Balkans Vienna Africa Spain Italy Minor Syria Skane 
2 22.67 —13.44 9.15 —17.78 —18.35 —0.98 —9.84 —11.12 —17.80 
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The table also contains a value for Rana temporaria based on a 
sample from the population of this species in the county of Skane, 
Southern Sweden. The values are shown on the map (p. 224) in 
relation to the localities from which the study material was derived. 

The figure conveys the impression of a gradual southerly trend 
in morphologic change with North Africa lying beyond the southerly 
“end point.” 


GENERALIZED DISTANCES BETWEEN POPULATIONS 


The Mahalanobis’ generalized distance is one of the most useful 
modern aids to taxonomy yet devised. The generalized distance is 
obtained from the quadratic form 

FF = &-¥¢, 
where d is the vector of differences between mean vectors. 

The square root of this value, D, is equivalent to the generalized 
Euclidean distance in two-, three-, or n-space between the centroids 
of the respective probability masses. In the following table D-values 
calculated between the Skane frogs and the samples from the Balkans, 
Vienna, and North African populations are shown. The distance be- 
tween the Scanian sample of Rana esculenta and a sample of South- 
ern Swedish Rana temporaria is also given. 


SoME GENERALIZED DISTANCES FOR RANA ESCULENTA AND RANA TEMPORARIA 








R. esculenta R. temporaria 
Skane—Balkans Skane—Vienna Skane—North Africa Skane—S. Sweden 
7.33 1.10 4.38 4.72 





(It should be noted that the material of Rana temporaria is derived 
from several localities in Southern Sweden, of which the county of 
Skane is a part.) 


HOMOGENEITY OF COVARIANCE MATRICES 


All of the procedures employed in the foregoing require the as- 
sumption of homogeneity of covariance matrices. This may be tested 
by constructing the generalized Bartlett test of homogeneity 


II|A|"4/2 


V= : 
|A|»/2 
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where ni = Ni — 1 and n = =n; = N — q, where q is the number of 
populations involved. In order to ascertain the significance of the 
above statistic one calculates —log.W, where 

nn?" 2 


Ww = Vv: ——-» 


,/? 
pnj/2 


Il Ni 


and where p is the number of variables. 

Using this procedure on the covariance matrices of three samples 
of Rana esculenta and one of R. temporaria a value of V = 0.6936 
x 10-*% was obtained and W = 0.111 X 10°. The significance of 
the latter statistic is found by the use of an asymptotic expression of 
the form 


Pr(— e log-W < z) = Prix? Sz) + 


It is clear that —log.W will be very small and there is no need to 
proceed further with the calculations. The covariance matrices are 
clearly homogeneous. 

SUMMARY 


Notes are first presented on sexual dimorphism in two cranial di- 
mensions of a sample of frogs from Vienna and environs. The main 
part of the study is concerned with establishing trends in morphologic 
differentiation. A multivariate analysis of dispersion indicates sig- 
nificant differences in mean vectors (body length, tibia, prehallux) 
for samples from Southern Sweden, Austria, Balkans and North 
Africa. Use of a discriminant function between Swedish and Balkans 
frogs is made in order to illustrate the north-southerly gradation in 
the three characters involved by inserting values taken from the other 
populations studied. The trend, or “multicline,” shown indicates a 
general change from north to south with perhaps a slight tendency 
towards a regression in the North African material. An interesting 
result is provided by the relatively extreme z-value given by the Bal- 
kans sample, which is more widely divergent from the most northerly 
sample than those of Asia Minor and Syria. This is also reflected in 
the generalized distance values calculated between the sample from 
Skane and the samples from the Balkans, Austria and North Africa. 
These indicate that the statistical distance between Skane and the 
Balkans is greater than that between Skane and North Africa, and 
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that the distance between the sample from Skane and that from 
Austria is small. 

A test of homogeneity of covariance matrices of the samples drawn 
from the Skane, Vienna, and North Africa populations of Rana escu- 
lenta and the Skane population of Rana temporaria indicates a high 
degree of homogeneity. 
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SERIAL STUDY OF CHANGE IN A MANDIBULAR 
DIMENSION DURING CHILDHOOD AND ADOLESCENCE’ 
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This investigation pertains to an anteroposterior diameter of the 
mandible in Homo sapiens. Its data are drawn from norma lateralis 
roentgenograms obtained through longitudinal study of 132 North 
American white children. The children were examined at annual 
intervals, all of them during the postnatal period from age 5 years to 
age 11 years and 31 of them from age 5 years to age 17 years. 


OBJECTIVES 


Aims in designing the study were: 

1. To devise a measurement of mandibular depth amenable to ana- 
tomically precise definition and highly reliable determination. 

2. To amass, utilizing the procedure developed, data for mandib- 
ular depth representing a 6-year segment of childhood (main sample) 
and a 12-year span from childhood into adolescence (continuing sub- 
group). 

3. To analyse seriate measures of mandibular depth between ages 
5 years and 11 years for (a) central tendency and variability at suc- 
cessive annual ages, (b) different varieties of growth curves among 
individuals of both sexes, and (c) absolute and relative velocity in 
three biennia and the sexennium. 

4. To examine trend differences found from graphing time series 
for mandibular depth on the continuing subgroup (23 per cent of the 
main sample under study from age 5 years to age 17 years). 


SUBJECTS 


The sample includes 63 boys and 69 girls living in or near Iowa 
City, Iowa. All were voluntary participants in a long-term research 


1 Supported in part by a research grant, D-217, from the National Institute for Dental 
Research, of the National Institutes of Health, U. S. Public Health Service. 
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program begun in 1946. Acceptance in the program was based on 
willingness to participate and likelihood of continuing residence in the 
community. 

Tersely, the population sampled may be characterized as Iowa-born 
white children predominantly of northwest European lineage and 
above average in socioeconomic status. More than 90 per cent of the 
subjects had three or four grandparents of northwest European 
ancestry. Records on vocation of the fathers showed that more than 
50 per cent held professional or managerial positions and less than 
10 per cent were semiskilled or unskilled employees. 

Every subject was examined annually. The examinations were 
made on or near each birth anniversary. 


MATERIALS AND METHODS 


Measures of mandibular depth were derived from roentgenograms 
obtained with the subject’s head positioned in a cephalostat. The 
X-ray source was to the right of the subject at a distance 150 cm. from 
the median plane of the cephalostat, the cassette was near the left 
side of the subject’s head, and the central ray passed through the 
external acoustic meatuses perpendicular to the sagittal plane and the 
plane of the film (1). 

The dimension measured is designated pogonion-postgonion di- 
ameter or, more generally, depth of the mandible. Pogonion is defined 
as the most anterior point of the mandible in a plane at right angles 
with a base plane passing through menton and through the lowest pro- 
jections of the right and left mandibular bodies in their ramal regions. 
Postgonion is defined as the midpoint of a transverse line connecting 
the posterior borders of the mandibular rami at points equidistant 
with pogonion above the mandibular base plane. 

On the zorma lateralis roentgenogram, landmarks were located by: 
(1) drawing a reference line contacting the inferior margin of the 
image of the symphysial region of the mandible and passing posteriorly 
between the images of the inferior margins of the two mandibular 
bodies in their ramal regions, (2) pricking, with a fine-point probe, 
the most forward point of the osseous chin on a line perpendicular to 
the reference line, and (3) pricking, with the aid of a line drawn 
through pogonion and paralleling the reference line, a point in this aid 
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line midway between the images of the posterior margins of the two 
rami. 

The rectilinear distance between the two pricked landmarks was 
measured using a steel tape read to the nearest 0.01cm. A value 
representing each roentgenogram was obtained from measurements 
by two anthropometrists working independently. These values—1,110 
in all—were individually corrected for radiographic enlargement and 
blurring. 

Previous publications (4, 6, 7) have described in detail the proce- 
dures employed in the writer’s laboratory to enhance standardized 
orientation, landmark verification, measurement accuracy, and trans- 
formation to anatomical distances. Consequently, it will suffice to 
state that the same degree of meticulous care was taken to secure valid 
data for pogonion-postgonion diameter. Chance errors were minimized 
by rigorous checks on subject positioning, reference line placement, 
landmark determination, and measurement precision; anatomic rele- 
vance was maximized by adjusting for systematic errors imposed by 
radiography. 

ANALYSES FOR CHILDHOOD 


Means for sex-age subgroups. Column 2 of Table I presents means 
for pogonion-postgonion diameter on the 63 boys examined at con- 
secutive annual ages from 5 years to 11 years. A Cartesian plot, in 
which these means are ordinate values and ages are abscissa values, 
is shown at the upper left of Figure 1. Together, the tabular and 
graphic materials incicate that during the childhood period between 
ages 5 years and 11 years the central tendency curve for mandibular 
depth on boys is a negatively accelerated increasing function of age. 

Compared with the means for boys, the girls’ means in column 5 
of Table I are similar in one respect and different in another. They 
are similar in denoting that during childhood pogonion-postgonion 
diameter increases. with age at a slowing pace. This is seen, for 
example, by observing that the mean increase for girls is 0.38 cm. in 
the biennium from 5 years to 7 years, and 0.17 cm. in the biennium 
from 9 years to 11 years. Girls differ from boys in average magnitude 
and the difference becomes greater with age. Specifically, the means 
for mandibular depth are less on girls than on boys by 0.14 cm. at 5 
years, 0.23 cm. at 8 years, and 0.27 cm. at 11 years. Newman and 
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Meredith (7) found a comparable divergence during childhood in the 
sex difference for mandibular breadth (bigonial diameter). For two 
skeletal dimensions of the upper face, nose height from nasion to the 
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Curves drawn to means for four facial dimensions obtained on North American white 
boys studied longitudinally. 
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tip of the anterior nasal spine (nasion-TANS diameter) and face 
depth from TANS to the anteriormost point on the occipital condyles 
(TANS-APOC diameter), it has been found (3, 4) that the amounts 
by which means for boys exceed those for girls are constant between 
ages 5 years and 11 years. 

TABLE I 
CENTRAL TENDENCY AND VARIABILITY STATISTICS FOR MANDIBULAR DEPTH MEASURED AS 


PoGONION-POSTGONION DIAMETER IN CENTIMETERS. THE SUBJECTS ARE 132 NorTH 
AMERICAN WHITE CHILDREN EXAMINED AT SUCCESSIVE BIRTHDAY ANNIVERSARIES. 








Age in Arithmetic Standard Coefficient Arithmetic Standard Coefficient 
Years Mean Deviation of Variation Mean Deviation of Variation 
Boys: N= 63 Girls: N = 69 
5* 6.09 0.30 4.9 5.95 0.29 4.9 
6 6.32 0.31 4.9 6.16 0.29 4.7 
7 6.53 0.32 4.9 6.33 0.29 4.6 
8 6.71 0.34 5.0 6.48 0.30 4.6 
9 6.88 0.35 5.0 6.62 0.31 4.7 
10 7.03 0.36 5.0 6.75 0.32 4.7 
11 7.16 0.37 5.1 6.89 0.34 4.9 





* The reader may wish to interpret the statistics for a particular age-sex subgroup 
as parameter estimates. Standard errors of the A.M. are 0.03 cm. at ages 6 years and 
7 years, girls; 0.05 cm. at age 11 years, boys; and 0.04 cm. in all other instances. The 
standard error of the S.D. is 0.02 at ages 5 years through 7 years, girls; elsewhere it is 
0.03 cm. Standard errors of the C.V. are 0.4 per cent (5 years through 9 years, boys; 
all ages, girls) and 0.5 per cent (10 years and 11 years, boys). 

Figure 1 portrays trends drawn to means for four facial dimensions 
on samples of boys studied longitudinally. Three of the trends are 
reproduced from earlier publications (3, 4, 7). Notice the marked 
consistency with which there is increase in size in a path slightly con- 
cave to the chronologic base line. In every instance, 40 per cent to 41 
per cent of the change between ages 5 years and 11 years occurs in the 
first biennium, and 26 per cent to 28 per cent in the last biennium. 

The reader will find it possible to extract additional findings from 
the central tendency statistics in Table I. To illustrate. Average 
change in mandibular depth between ages 5 years and 11 years is 
greater for boys (1.07 cm.) than for girls (0.94cm.) by 12 per cent. 
The mandibular depth of the average girl is smaller than that of the 
average boy by 3 per cent at age 7 years and 4 per cent at age 10 
years. 

Variability of sex-age subgroups. Table I characterizes the scatter 
of pogonion-postgonion diameter for 14 sex-age subgroups. Columns 
3 and 6 show that during the period under study there is a gradual in- 
crease in absolute variability. The standard deviations for boys rise 
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from 0.30 cm. at age 5 years, through 0.34 cm. at age 8 years, to 0.37 
cm. at age 11 years; those for girls stand at 0.29 cm. from 5 years to 
7 years, then rise to 0.34cm. at 11 years. Increase with age in abso- 
lute dispersion was found for both sexes by Newman and Meredith 
(7) in their investigation of mandibular breadth. Returning to Table 
I, inspection of columns 4 and 7 reveals that in the sexennium between 
ages 5 years and 11 years indices of relative variability for mandibular 
depth lie near 5.0 per cent and 4.7 per cent on boys and girls, respec- 
tively. The companion study of mandibular breadth (7) yields varia- 
tion coefficients clustering about 5.0 per cent for boys and 4.2 per cent 
for girls. 

In Table II the dispersions of four biennially spaced distributions 
for each sex are displayed in terms of their extreme values and 


TABLE II 


VARIABILITY STATISTICS FOR MANDIBULAR DEPTH MEASURED AS POGONION-POSTGONION 
DIAMETER IN CENTIMETERS 











‘ Percentiles: 
Age in 
Years Minimum 10 30 70 90 Maximum 
Boys: N= 63 
5 5.31 5.58 5.99 6.25 6.52 6.65 
7 5.75 5.98 6.44 6.71 6.95 7.17 
9 6.02 6.32 6.78 7.06 7.31 7.53 
11 6.27 6.55 7.03 7.34 7.64 7.84 
Girls: N = 69 
5 5.32 5.57 5.78 6.10 6.33 6.59 
7 5.76 5.96 6.14 6.51 6.71 6.98 
9 5.90 6.24 6.44 6.83 7.02 7.30 
11 6.01 6.48 6.67 7.10 7.27 7.64 





several percentiles. Attention is called to the overlapping of (1) age- 
specific distributions for the two sexes, (2) sex-specific distributions 
for the four ages, and (3) distributions differing for sex and age. By 
reference to the table, note that pogonion-postgonion diameter is 
less than 6.71 cm. at age 7 years for 70 per cent of the boys and 90 
per cent of the girls; less than 6.52 cm. for 90 per cent of the boys 
at age 5 years and 9 per cent of them at age 11 years; and less than 
6.44 cm. for 30 per cent each of the boys age 7 years and girls age 
9 years. 

Classification of trends for individuals. The serialized data on 
every subject for age and pogonion-postgonion diameter were plotted, 
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ind a curve was drawn to each time series. Intercomparison of the 
132 curves suggested the appropriateness of classification into five 
subgroups: strongly concave, mildly concave, rectilinear, mildly 
convex, and concave-convex. These abridged designations of trend 
assume the understanding that (1) without exception the curves for 
individual children ascend with age and (2) the words concave and 
convex carry the connotations of concavity and convexity in respect 
to the chronologic base line. 

Trends representative of each subgroup, derived by calculating 
means for mandibular depth at successive ages on the subgroup mem- 
bers, are depicted in Figure 2. Subgroups A and B include children 
whose graphs exhibit a general movement of ascent with declining 
velocity. For each child in subgroup A, more than 65 per cent of the 
gain between ages 5 years and 11 years occurs in the first half of 
the period. For every member of subgroup B, between 52 per cent 
and 65 per cent of the increase during the same sexennium is attained 
by age 8 years. Combining subgroups A and B, it is found that almost 
80 per cent of the individual curves for mandibular depth show some 
degree of negative acceleration throughout the childhood years. 
Trends of like type have been obtained with relative frequencies 
varying between 65 per cent and 90 per cent for mandibular breadth 
(7), face depth (4), nose height (3), and lower limb height (2). 
Seventy per cent of the 72 children studied by Newman and Mere- 
dith (7) gave curves for mandibular breadth that were “concave to 
the time base line.” 

Subgroup C includes children whose curves rise at an approximately 
constant rate. Each member of this subgroup satisfies the specification 
that no more than 52 per cent of the increment between ages 5 years 
and 11 years falls in either half of the period. Trends ascending 
rectilinearly have been obtained with relative frequencies of 7 per 
cent for mandibular depth (present study), 10 per cent for lower 
limb height (2), 17 per cent for nose height (3) 18 per cent for face 
depth (4), and 25 per cent for mandibular breadth (7). 

Members of subgroup D have curves that are positively accelerated 
increasing functions of age. They each meet the criteria of (1) over- 
all convexity to the chronologic base line and (2) 52 per cent or 
more of the sexennial increment in the last triennium. Although trends 
of this type are few and their positive accelerations slight, occasional 
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FIGURE 2 
Curves drawn to means for five subgroups of children and for the composite sample 
studied from age 5 years to age 11 years. 
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xeccurrence is unequivocal.” No instances were seen in the samples of 
72 and 80 children utilized to investigate mandibular breadth (7) and 
nose height (3), but around 2 per cent frequencies were found in the 
samples of 125 and 132 children used to investigate face depth (4) 
and mandibular depth (present study). 

Subgroup E includes children whose curves are concave to the base 
line in the first half of the sexennium and convex to the base line in 
the last half. Comparatively, trends of this complexity have been 
found for mandibular breadth (7), face depth (4), and nose height 
(3). The relative frequencies are below 7 per cent except in the 
present study of mandibular depth (11 per cent) and the investigation 
of nose height (14 per cent). 

Velocity differences in selected age periods. For the sexennium of 
childhood extending from 5 years to 11 years, and for its three bien- 
nial components, the increments of individuals in pogonion-post- 
ponion diameter were analysed in regard to variability. Series of 
values describing distributions of absolute and relative increase for 
each sex are presented in Table III. It will be seen that: 

1. Comparable percentiles are higher on boys than girls. In the 
interval between ages 5 years and 7 years the differences for absolute 
gain are 0.06 cm. to 0.07 cm. and those for relative gain 0.3 per cent 
to 0.9 per cent. For the full sexennium, the percentiles on girls lie 
below those on boys by 0.09 cm. to 0.14 cm. and by 1.2 per cent 
to 2.1 per cent. 

2. Percentiles for successive biennia reflect decreasing velocity 
with age. In the boys’ centimeter increment distributions, the 10th 
percentile for the initial biennium is similar to the 70th percentile 
for the terminal biennium. Comparably on girls, the 30th percentile 
for the initial biennium is similar to the 90th percentile for the 
terminal biennium. In the percentage increment distributions, all 
corresponding percentiles decrease from the first biennium to the 
third. 

3. Between ages 5 years and 11 years increase of mandibular 
depth in some children is double that in others. Three boys gained 
less than 0.70 cm., one boy more than 1.40 cm.; one girl gained less 


2 The first portion of this sentence has restricted reference to linear dimensions of the 
skeleton. In a study of leg circumference on a sample of 70 boys it was found that 
individual trends for 37 per cent of the boys ascended in a path convex to the chronolog:c 
base line. 
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TABLE III 
VARIABILITY IN INCREMENT OF POGONION-POSTGONION DIAMETER DuRING THREE 
BIENNIA AND A SEXENNIUM 








Age Interval Percentiles: 
in Years Minimum 10 30 70 90 Maximum 





Centimeter increase: Boys, N = 63 


5-7 0.19 0.33 0.40 0.48 0.55 0.68 
7-9 0.19 0.25 0.31 0.37 0.44 0.51 
9-11 0.15 0.20 0.25 0.31 0.37 0.43 
5-11 0.64 0.82 0.99 1.15 1.31 1.46 
Centimeter increase: Girls, N = 69 
5-7 0.21 0.26 0.34 0.42 0.48 0.56 
7-9 0.14 0.22 0.26 0.32 0.38 0.44 
9-11 0.04 0.18 0.22 0.30 0.35 0.42 
5-11 0.60 0.73 0.86 1.01 L.i7 1.38 
Percentage gain:* Boys, N = 63 
5-7 32 5.4 6.5 re 8.7 10.8 
7-9 2.9 4.1 4.8 5.6 6.6 78 
9-11 aa 3.0 3.6 4.4 5.2 6.5 
5-11 10.5 13.6 16.3 19.1 21.0 26.0 
Percentage gain: Girls, N = 69 
5-7 4.1 4.5 5.6 7.2 8.4 9.8 
7-9 2.4 3.4 4.0 5.0 5.9 7.0 
9-11 0.7 2.8 3.6 4.5 a2 6.3 
5-11 9.9 12.3 14.2 17.0 19.8 24.0 





* Computed as: Centimeter increase in mandibular depth during the period in- 
dicated  100/magnitude of mandibular depth at the beginning of the period. 
than 0.65 cm., another more than 1.30 cm.; four boys gained below 
12 per cent, three above 24 per cent; two girls gained below 11 
per cent, one above 22 per cent. 

Considering the variety of trends illustrated in Figure 2, it would 
be anticipated there is not a high association between increase of 
mandibular depth in the age period from 5 years to 8 years and 
increase in the age period from 8 years to 11 years. The 7’s obtained 
by correlating absolute increments for the two triennia are 0.54 on 
the 63 boys and 0.34 on the 69 girls. For face depth measured from 
the tip of the anterior nasal spine to the anteriormost point of the 
occipital condyles, it has been found (4) that coefficients represent- 
ing the same two triennia approximate r = .50 whether absolute or 
relative increments are correlated. 


ANALYSES FOR CHILDHOOD AND ADOLESCENCE 


Thirty-one of the subjects, 14 boys and 17 girls, were available for 
annual study from age 5 years to age 17 years. A separate curve was 
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irawn to the pogonion-postgonion values for each individual at the 
13 ages. These curves were classified into five subgroups. 

Subgroup A includes ten children whose curves are concave to the 
chronologic base line from childhood through adolescence. No mem- 
ber of this subgroup exhibited circumpuberal acceleration in man- 
dibular depth. The mean magnitude curve obtained from the 6 girls 
and 4 boys in subgroup A is displayed at the upper left of Figure 3. 
An earlier study (5) found 40 per cent of a sample of 30 girls to 
show “no indication of an adolescent spurt” in length of the nasion- 
bregma chord of the frontal bone. Relative frequencies in the present 
study are 35 per cent for girls and 32 per cent for the sexes combined. 

In subgroups B and C there are 16 children whose curves manifest 
childhood decrease in velocity, circumpuberal increase in velocity, 
and postpuberal decrease in velocity. Taking account of the large 
individual differences for age at which peak circumpuberal velocity 
is reached, two procedures are utilized in efforts to display the trend 
decisively. One procedure is that of dividing the 16 children into 
two subgroups on the basis of whether the circumpuberal turning 
point from positive to negative acceleration occurs early or late. By 
this approach the mean magnitude curves for subgroups B and C in 
Figure 3 are obtained. 

The second procedure is that of deriving sequential annual in- 
crements for each of the 16 children, symbolizing the year of maxi- 
mum circumpuberal increment as MCI, and computing increment 
means for MCI and for several one-year intervals before and after. 
The series of means secured is presented in column 5 of Table IV. 
It will be seen that the mean increment trend, subsequent to adjusting 
the individual time lines as indicated, first declines from 0.15 cm. to 
0.11 cm., then rises to 0.18 cm., and thereafter declines rapidly. 
Attention is called to the fact that the mean of 0.18 cm. for the year 
of maximum circumpuberal gain, although high in relation to means 
for adjacent years, is not as high as the mean for the year between 
ages 5 and 6 (see columns 2 and 3 of Tabte IV, also columns 2 and 5 
of Table I). 

The members of subgroup D in Figure 3 are three children whose 
magnitude curves for mandibular depth are concave to the chronologic 
base line during the first half of the 12-year period and convex to the 
base line during the last half. Each child registers circumpuberal 
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Curves drawn to means for five subgroups and for the composite sample studied from 
age 5 years to 17 years. 
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acrease in velocity and, necessarily, each will show decline in velocity 
ifter age 17 years. In other words, subgroup D consists of incom- 
olete concave-convex-concave trends. 

Subgroup E comprises two boys whose curves for pogonion-post- 
sonion diameter are positively accelerated increasing functions of 
age from 5 years to 14 years, and then become negatively accelerated 
increasing functions of age. Curves of this variety lack a childhood 
series of falling annual increments to aid in marking the beginning 
of circumpuberal acceleration (see column 5 of Table IV). 

TABLE IV 


ANNUAL INCREMENT MEANS FOR MANDIBULAR DEPTH MEASURED AS POGONION-POSTGONION 
DIAMETER IN CENTIMETERS 








Age Interval Boys Girls MCI Deviation Both Sexes 
in Years N= 14 NW = 17 in Years N = 16* 

5-6 0.25 0.20 

6-7 0.20 0.16 

7-8 0.18 0.14 —5 0.15 
8-9 0.15 0.13 —4 0.14 
9-10 0.14 0.12 —3 0.11 
10-11 0.13 0.14 —2 0.12 
11-12 0.13 0.14 —1 0.15 
12-13 0.15 0.11 MCI** 0.18 
13-14 0.16 0.11 +1 0.12 
14-15 0.16 0.08 2 0.08 
15-16 0.14 0.07 
16-17 0.09 0.05 





* Six boys and 10 girls showing positively accelerated circumpuberal increase in depth 
of mandible. 
** Year of maximum circumpuberal increment. 


SUMMARY 


Ontogenetic change in an anteroposterior measurement of the 
human mandible is investigated. The variable, designated pogonion- 
postgonion diameter, is derived roentgenographically. 

The main sample includes 132 North American white children 
examined annually from age 5 years to age 11 years. Twenty-three 
per cent of the subjects are retained for annual study to age 17 years. 

In respect to the childhood period between ages 5 years and 11 
years, it is found: (1) the trend of means for mandibular depth is a 
negatively accelerated increasing function of age, (2) boys are larger 
than girls in average mandibular depth by 2.5 per cent at age 6 
years and 4.0 per cent at age 10 years, (3) absolute variability of 
mandibular depth increases with age, (4) relative variability approxi- 
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mates 5.0 per cent and 4.7 per cent for boys and girls respectively, 
(5) in reference to the chronologic base line, magnitude curves of 
pogonion-postgonion diameter ascend concavely for 80 per cent of 
the subjects, rectilinearly for 7 per cent, convexly for 2 per cent 
and, for 11 per cent, concavely from age 5 years to 8 years and then 
convexly. 


Over the childhood and adolescent span between ages 5 years and 
17 years, individual curves for mandibular depth indicate that often, 
but not always, there is some circumpuberal increase in velocity. 
Relative frequencies among the children studied are 68 per cent show- 
ing circumpuberal acceleration and 32 per cent manifesting absence 


of acceleration. 
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A short time ago we showed that, in the rat, treatment with large 
doses of isoproterenol (IPR) can cause selective growth of the salivary 
glands. This enlargement is primarily due to mitotic proliferation and 
hypertrophy of the parenchymatous cells and may induce a fivefold 
increase in the size of the glands within 17 days (Selye, Veilleux and 
Cantin, 1961). In the meantime, our observations have been con- 
firmed in the mouse and, in view of the extraordinary sialadenotrophic 
effect of IPR, it was suggested that more chronic treatment with this 
catecholamine might induce true neoplasms (Brown-Grant, 1961). 
With the same idea in mind we maintained one group of our original 
IPR-treated rat series on gradually increasing, bidaily doses of this 
drug for more than seven months. Although no true neoplasia ensued, 
we feel that the results deserve to be reported because of the unusual 
transformation in the structure of the salivary glands and the extra- 
ordinary degree of systemic resistance to IPR that developed in the 


course of time. 
MATERIAL AND METHODS 


Forty female Holtzman rats with a mean initial body weight of 104 
gm. (range: 94-110 gm.) were given 1 mg. of IPR in 0.2 ml. of water 
intraperitoneally, twice daily, this dose being gradually raised to 50 mg. 
in the course of 180 days. The individual dose was always given in 
0.2 ml. of water intraperitoneally, twice daily. Twenty-two of the 
animals died from pulmonary edema during the course of the experi- 
ment, most of them at times when the daily dose of IPR was augmented 
too suddenly. The survivors were killed with chloroform on the 215th 
day of the experiment. Specimens of the salivary glands were fixed in 
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SUSA solution saturated with picric acid for staining with hema- 
toxylin-phloxine and the PAS technique, or in alcohol-formol for the 
demonstration of calcium with the AgNOs-technique. 


RESULTS 


Marked salivation and considerable enlargement of the salivary 
glands were quite obvious within a few days, but the size of the glands 
reached its maximum only after about 40 days, by which time the dose 
of IPR had been augmented to 25 mg., twice daily. After this, intense 
salivation continued until the end of the experiment, but the size of 
the glands gradually diminished, although even at autopsy the latter 
were still several times larger than those of normal controls. 

Naked-eye inspection of the fresh specimens revealed the glands to 
be nodular and very hard. 

Histologically, the submaxillary and sublingual glands proved to be 
most affected, but the parotids were also severely damaged. The 
structural changes were essentially similar in all salivary glands. The 
most striking change was an intense sclerosis of the stroma and an 
obstruction of many ducts by psammoma-like, stratified, calcareous 
concretions (Figures 1-4). At the same time, many of the ducts, veins 
and lymphatics were greatly dilated (Figure 5). In many places the 
parenchymal cells appeared to be completely isolated by fibrous tissue 
and underwent atrophy. Yet, even in these severely damaged regions, 
mitotic proliferation continued until the end of the experiment. 
Although many of the nuclei became pycnotic, others showed consider- 
able enlargement. As a rule, the latter assumed a vesicular form and 
contained a single, very large nucleolus. Frequently, two such giant 
nuclei were found to be in close contact within the same cells and, 
occasionally, multinuclear giant cells of epithelial origin were found 
within the stroma at a distance from the remaining glandular paren- 
chyme (Figure 6). Solid cords of epithelial cells surrounded by 
scirrhous stroma were also quite commonly observed (Figures 1-4), 
but we noted no evidence of truly neoplastic growth. 


DISCUSSION 


Since many of our rats eventually withstood as much as 100 mg. of 
isoproterenol per day—a dose invariably fatal to unpretreated animals 
—it is evident that considerable systemic resistance to this catechol- 
amine can be acquired as a consequence of pretreatment with gradually 
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FIGURE 1 
An intensely sclerotic lobule, with dilated ducts and atrophic parenchyme, borders upon 
a virtually intact (though hypertrophic) salivary gland lobule (hematoxylin-phloxine 
xX 120). 





FIGURE 2 
Numerous islets of hypertrophic or atrophic salivary gland epithelia and ductules 
within a proliferating, sclerotic stroma (hematoxylin-phloxine X 120). 
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FIGURE 3 

Dilated duct with psammoma-like calcified concretions in the lumen. One such con- 

cretion appears to be in the wall of the duct (arrow) and next to it are two poly- 
nuclear giant-cells (hematoxylin-phloxine x 120). 





Several irregular calcified concretions obstructing salivary ducts (hematoxylin-phloxine 
xX 120). 
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FIGURE 5 
Enormously dilated periarterial lymphatics within a sclerotic salivary gland (hema- 
toxylin-phloxine X 120). 





FIGURE 6 
Abnormal epithelial cells, some of which have undergone atrophy, while in others 
the nuclei have become greatly enlarged and vesicular; in these, the nucleoli are extra- 
ordinarily prominent. At several points (one indicated by arrow), two such vesicular 
nuclei are in the typical contiguous position (hematoxylin-phloxine x 500). 
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increasing doses. Even 25 mg. of IPR given twice daily regularly 
produces widespread focal myocardial necrosis (Selye, 1958; Selye, 
1961); hence, our animals became resistant to the cardiotoxic effect 
of the drug, since, at the end of the period of observation, they showed 
only myocardial hypertrophy and occasional old scars, but no signs of 
acute cardiac necrosis. On the other hand, as we have said, in the 
salivary glands mitotic proliferation of parenchymal cells continued 
until the end of the experiment, despite the development of atrophy 
and sclerosis in circumscribed regions. It therefore appears that re- 
sistance to the acutely fatal and cardiotoxic actions of IPR is acquired 
more readily than resistance to its sialadenotrophic effect. This suggests 
that, here, resistance is not simply due to a more effective detoxification 
of the compound, but rather to some local adjustment in certain vital 
target organs, particularly the heart. 


SUMMARY 


In rats treated with gradually increasing doses of isoproterenol 
(IPR), there occurred intense salivation and considerable parenchymal 
hypertrophy of the salivary glands. The glandular enlargement reached 
a maximum within about 40 days and then declined as a result of 
fibrosis and glandular atrophy. Many of the ducts became obstructed 
by psammomatous, calcified bodies and this presumably induced 
pressure atrophy of the parenchyme. In the remaining parenchymal 
cells, mitotic proliferation continued until the termination of the 
experiment on the 215th day. Although many of the epithelial cells 
showed nuclear anomalies and giant-cell formation, there was no 
evidence of true neoplasia. 
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In our previous papers “Experimental Studies on Mitomycin C. 2. 
Cytotoxicity” (29) published in this journal, and “The Oncolytic 
Antibiotics’ (30) we reported that the majority of oncolytic drugs 
repressed the activity of the R.E.S. in rabbits. The functional activity 
of the R.E.S. was evaluated by the rate of carbon clearance and the 
degree of induced R.E. hyperplasia. It was furthermore demonstrated 
that healthy animals, mice and rats, given a single subtoxic dose of 
Mitomycin C or of another oncolytic antibiotic, two or three days 
before tumor transplantation, were apt to die sooner and with a larger 
tumor than the control animals receiving no drugs. Thus one seems 
to be confronted with a paradoxal phenomenon: some drugs which 
inhibit growth of malignant tumors, apparently affect the defense 
mechanism of the animals so treated. In view of the expressed opinion 
by some investigators, Bradner e¢ al. (4) and others, that zymosan 
plays some role in the defense mechanism against tumors, it was 
decided to initiate the combined therapy of Mitomycin C and zymosan 
on animals, bearers of transplanted tumors. 


ZYMOSAN 


Following the early work of Protti (24), Castelli and Gaggini (6) 
and Lewisohn e¢ al. (13), Mankowski, Diller and Fisher (15) reported 
that all Candida species, with the exception of C. lipolytica, exert a 
destructive action against sarcoma 37. Their studies in vitro showed 
that “there was a direct destructive action of the organisms quite apart 
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from any possible response of the reticulo-endothelial system.” A 
more recent work of Diller and Mankowski (9) with zymosan and 
glucanhydroglucan, the active factor of zymosan, has demonstrated 
that zymosan caused destruction of over 60% of transplanted Sarcoma 
37, while glucanhydroglucan, injected intravenously, induced necrosis 
in over 90% of mice bearing the same tumor. Bradner e¢ al. (3, 5) 
reported that Sarcoma 180 in tissue culture was not affected by zymo- 
san. Administration of zymosan prior to tumor transplantation had no 
effect on tumor regression, though treatment of mice bearing Sarcoma 
180 with small doses of this substance has been shown to promote a 
significant degree of tumor loss. Modica (19, 20) found that zymosan 
in doses of 1.0 mg., administered to rats, before, during and after 
application of benzypyrene, prolonged the latent period of the tumor 
growth and the survival time. Larger doses, irrespective of the time of 
administration, hastened the appearance of the tumor and shortened 
the survival period. Luhre et al. (14) disclosed that zymosan, 20 
mg./kg. wt., injected intravenously partially inhibited several types of 
transplantable tumors in rats. Bradner and Clarke (5) reported that 
small doses of zymosan, 20 mg./kg. wt. caused regression of sarcoma 
180 in mice. If simultaneously higher doses of zymosan, such as 1,000 
mg./kg. wt. were given for five days, from the second day, the tumor 
regression was blocked. Tumor regression was also blocked when 
hydrocortisone, 150 mg./kg. wt., was administered at the ninth day 
after transplantation. Herbut and Kraemer (11) found that the 
“takes” of human cancer transplanted to female Wistar rats, were 
much higher than in the control group, when zymosan, 175 mg./kg. wt. 
was injected to the animals several times. Administration of smaller 
doses of zymosan, 20 mg./kg. wt., resulted in a smaller number of 
“takes,” approaching that in the control group. 

A number of investigators studying the effect of zymosan on tumor 
growth, postulated that there exists an interaction between this 
substance and the properdin system. In their work on properdin and 
zymosan, Pillemer and Ross (23) have shown that the intravenous 
injection of small doses of zymosan caused a rapid fall in properdin 
titer within 1 or 2 hours, followed, after 2 to 14 days, by a marked rise 
in titer, 200 or 300 per cent above normal level. Larger doses of 
zymosan caused a greater fall in the properdin levels, which only 
slowly returned to 75 per cent of the normal level after six to ten 
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lays. Bradner et al. (4) stressed the fact that zymosan promotes 
umor loss in mice bearing sarcoma 180 through the medium of host 
lefense rather than by any direct inhibitory action on the tumor. 
They offered as supporting evidence to this statement that sarcoma 
i80 in tissue culture is not affected by zymosan, that zymosan is 
more effective in smaller than larger doses and that the response is 
quantal in nature, as opposed to the over-all tumor-suppressive action 
seen with many chemical drugs. Bradner and Clarke (5) in their 
more recent paper indicated that the possible relationship of properdin 
to the in vivo tumor effects of zymosan remains unestablished in any 
system thus far investigated. Bartch e¢ al. (1) in their studies on the 
properdin levels in leukemic patients arrived at the conclusion that 
possibly properdin is not a single substance. They suggested that 
other factors, such as complement and Mg.+-+, might influence 
properdin titers. More recently the attention of investigators became 
directed to the possible relationship of zymosan and the R.E.S., in 
connection with the oncostatic influence of zymosan. The observations 
of Benacerraf and Sebestien (2) and Kelly (12) are of interest in this 
respect. These investigators reported that small doses of zymosan 
injected into mice caused marked stimulation of R. E. phagocytosis, 
and liver R. E. cellular hyperplasia. 

Di Luzio (7) reported that the R.E.S. was stimulated by injections 
of zymosan in normal rats and in rats maintained on high cholesterol- 
atherogenic diets. Old e¢ al. (21) revealed that small doses of zymosan 
have given certain protection against Mengo virus infection, through 
the stimulation of the R.E.S. Riggi and Di Luzio (25) reported 
that the administration of zymosan to normal rats was associated 
with an eight-fold increase in the removal rate of colloidal carbon 
and with a marked R. E. hyperplasia. Laminarin, a neutral poly- 
saccharide, also induced a marked R. E. hyperfunction. These 
investigators expressed the belief that the R. E. stimulant in zymosan 
is the polysaccharide glucan and that the unique 1-36 glycoside 
linkage is the essential chemical structure for its activity. Fleisher 
and Wakim (10) studying the effect of zymosan on the serum levels 
of endogenous or intravenously given transaminase found that endog- 
enous GOT I, GOT II and GPT were considerably increased, 
occasionally as much as fifty times of the preinjected level. The 
authors question if these effects can be explained on the basis of 
stimulation of the R.E.S. 
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EXPERIMENTAL 
Zymosan in Mitomycin C Cytotoxicity 


As was reported by Sternberg et al. (32), Sokoloff et al. (28) and 
others, Mitomycin C is toxic both to animals and men. In a series 
of tests, the effect of various doses of zymosan on the toxicity of this 


TABLE I 
EFFECT OF ZYMOSAN ON THE Cytotoxicity OF Mitomycin C 
Group A.—Zymosan, 10 mg./kg. wt./day for three days, 
Mitomycin C, single dose, 15 mg./kg. wt./mouse 
Group B.—Zymosan, 10 mg./kg. wt./day for three days, 
Mitomycin C, single dose 7.5 mg./kg.wt./mouse 
Group C.—Zymosan, 30 mg./kg. wt./day for three days, 
Mitomycin C, single dose 7.5 mg./kg.wt./mouse 
Group D.—Zymosan, 100 mg./kg. wt./day for three days, 
Mitomycin C, single dose 7.5 mg./kg. wt./mouse 
Each experiment: 30 mice receiving both zymosan and 
Mitomycin C 
30 mice receiving only Mitomycin C 








Initial Final Mortality Av. Survival 
av. body av. body Rate time 
Group wt. gm. wt. gm. % days 
Group A 
Zymosan 30 mg./kg. wt., t.d. 21.2 16.6 100 8.4 
& Mitomycin C, 15 mg./kg. wt. 
Mitomycin C alone 21.0 14.2 100 5.2 
Group B 
Zymosan 30 mg./kg. wt., t.d. 21.9 13.5 100 4.6 
& Mitomycin C, 7.5 mg./kg.wt. 
Mitomycin C alone 20.6 16.2 100 11.5 
Group C 
Zymosan 90 mg./kg. wt., t.d. 20.8 19.5 20 19.2 
& Mitomycin C, 7.5 mg./kg.wt. 
Mitomycin C alone 20.9 15.8 100 12.0 
Group D 
Zymosan 300 mg./kg. wt., t.d. 21.3 20.1 17 19.5 
& Mitomycin C, 7.5 mg./kg.wt. 
Mitomycin C alone 20.9 16.7 97 11.8 





antibiotic on mice was investigated. Table I gives the summary of 
the results so obtained. Zymosan, 10-30 mg./kg. wt./day, administered 
for three days prior to a single injection of a near lethal dose of 
Mitomycin C reduced the mortality rate and minimized the toxic 
side effects, such as loss in weight. However, when the daily dose of 
zymosan was increased up to 100-200 mg./kg. wt./day, administered 
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or three days, the toxic manifestations induced by Mitomycin C 
vere more pronounced and acute than in the mice receiving only 
Mitomycin C. 

The protective activity of zymosan against toxic effects of Mito- 
mycin C is apparently of a limited nature. It did not prevent the 
lethal outcome for mice given a single dose, 15 mg./kg. wt. Mitomycin 
C. The survival time was, however, prolonged from 5.2 days for the 
Mitomycin C group, to 8.4 days for the zymosan-Mitomycin C group. 

With a single dose 7.5 mg./kg. wt. Mitomycin C, the protective 
influence of zymosan was clearly evidenced. 80 per cent of the mice 
survived against zero in the group receiving Mitomycin C alone. 

A larger dose of zymosan, 300 mg./kg. wt., had a reverse influence 
on Mitomycin C toxicity. It increased the toxic side effects of the 
antibiotic. The average survival time was reduced to 4.6 days against 
11.8 days in the Mitomycin C group, with the mortality rate 100%. 


Effect of Zymosan and Hydroglucan on Rous Sarcoma Virus 


As a preliminary test, zymosan, from 0.1 mg. up to 3.0 mg., and 
hydroglucan* from 0.05 mg. to 2.0 mg. were tested on mouse influenza 
virus PR8, the egg adapted strain, in chick embryos. Influenza 
virus PR8, 0.1 ml. was inoculated into the chorioallantoic cavity of 
an eleven-day-old embryo, and fifteen minutes later, zymosan or 
hydroglucan, in 0.1 ml. suspension, was injected into the same cavity. 
The virus was titrated, and the ID50 estimated by the Salk pattern 
method. Duration of incubation after inoculation was 24 hours. 
Neither zymosan nor hydroglucan showed any antiviral activity. 

The Rous sarcoma virus, obtained originally from the American 
Type Culture Collection was diluted X 100, in Simms salt solution, to 
which 1% Bovine albumin (Armour Laboratories) was added. The 
diluted virus, 0.1 ml., was inoculated onto the chorioallantoic mem- 
brane of a ten-day-old chick embryo. Zymosan and hydroglucan, 
from 0.2 mg. up to 2.0 mg., were injected also onto the same mem- 
brane, fifteen minutes after virus inoculation. On the seventh day 
after the inoculation, the eggs were opened and the number of lesions 
and their size recorded, following the procedure described by Sokoloff 
et al. (26, 27). No effect of either zymosan or hydroglucan on Rous 
sarcoma virus was detected. 


2 We wish to thank Dr. Irene Corey Diller of the Institute for Cancer Research, 
Philadelphia, for supplying us with the hydroglucan. 
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Agar-Agar Plate Method 


Before investigating the combined effect of zymosan and Mitomycin 
C on transplanted tumors, we screened zymosan and hydroglucan on 
sarcoma 180 ascites cells by the agar-agar technique. Diller and 
Mankowski (9) pointed out that “contrary to the inactivity of 
zymosan with respect to the ascites form of the tumor, hydroglucan 
induced destruction of ascites cells following intraperitoneal adminis- 
tration.” The agar-agar technique was introduced by Miyamura (18) 
for ascites cells and Miyamura and Niwayama (17) and Di Paolo 
and Moore (8) for the Hela cells. 


TABLE II 


Tue AGAR AGAR PLATE METHOD FOR SCREENING ANTITUMOR FACTORS 
Sarcoma 180 ascites cells 





Concentrations of compounds 








Compound 1000 gamma 100 gamma 10 gamma 
Mitomycin C 27 X 25mm 12 X 15mm 6X 6mm 
Actinomycin D 10 x 10 6X 6 — 
Streptovitacin A 20 x 20 12 X 10 5x5 
P-45, bacterial polysaccharide 10x 8 27% 2 — 
Zymosan 14 x 14 4x 4 — 
Hydroglucan 28 X 20 12x 8 6 X 6 





The agar-agar plate screening test consists, in brief, in the following 
steps: the buffered glucose agar in water bath is kept at 48° C. 10 ml. 
of rabbit serum and 1.0 ml., containing 5 million ascites tumor cells 
suspended in Tyrode solution, are added. Agar is transferred to 
Petri plates. The regular cylinders are placed on the agar plates, 
filled with the solutions to be tested and refrigerated over night. The 
plates are incubated for eight hours at 37°C., the cylinders are 
removed, and the surface of the plates is washed with distilled water. 
10 ml. of 0.05% methylene blue are added and the plates incubated 
for an additional three hours. The diameter in mm. of the blue zone 
around the cylinder marks expresses the activity of a compound 
against ascites cells. This technique is far from being one hundred 
per cent reliable. Its value is of a preliminary screening for active 
compounds before they are tested im vivo, on mice and rats. In our 
tests with this technique, we used sarcoma 180 and Ehrlich carcinoma 
ascites cells. Table II gives the results of screening on Mitomycin C, 
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.ctinomycin D, Streptovitacin A, the bacterial polysaccharide #P-45 
‘com E. marcescens,*® zymosan,* and hydroglucan. 

The figures presented in Table II are of a relative value only as 
iar as the antitumor activity is concerned. However, there seems to 
be certain indication that #P-45, bacterial polysaccharide, zymosan 
and hydroglucan exert some antitumor activity in vitro, according 
to this test. Hydroglucan appears to be the most active among them. 


Activation of the R.E.S. 


In our previous paper (29), we reported that a single intravenous 
injection of Mitomycin C, 1.0 mg./kg. wt. to a rabbit, followed by 
intravenous injection of colloidal carbon, retarded the rate of carbon 
clearance and affected the degree of induced R. E. hyperplasia, with 
carbon particles being detected in the endothelium of the small blood 
vessels, particularly within the glomerular capillaries. The intra- 
peritoneal injection of zymosan, 40 mg./kg. wt., 24 hours before 
Mitomycin C, 1.0 mg./kg. wt., intravenous injection, and eight hours 
before colloidal carbon, 25 mg./kg. wt. was injected® prevented to a 
considerable degree the retardation of carbon clearance. No carbon 
particles were observed in the glomular capillaries and the rate of 
carbon clearance was approximately the same as in rabbits receiving 
no Mitomycin C. 

Another evidence of possible affinity of zymosan to the R.E.S. 
elements was obtained with local inflammatory reaction and dye 
accumulation in the skin of rabbit abdomen. As previously reported 
by us (29), Mitomycin C, injected intradermally to a rabbit abdomen, 
in a 0.02, 0.05 or 0.075 mg. doses, caused an acute inflammatory 
skin reaction. When the solution of trypan blue was inoculated intra- 
venously, 24 hours after Mitomycin C intradermal injection, there 
was a clear accumulation of blue dye in the inflamed areas. The 
histological examination of these areas of the skin revealed a 
typical inflammatory process with leucocytic migration. 


A rabbit, 3010 gm. weight was injected intradermally, in his 


3 We wish to thank Dr. Murray J. Shear of the National Cancer Institute for having 
supplied us with the preparation #P-45. 

4 We are grateful to Dr. Robert F. Light, Standard Brands Co., for the generous sup- 
ply of zymosan. 

5 As colloidal carbon the carbon suspension, C-1—1431A, prepared by Gunther-Wag- 
ner, Germany, was used, 
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abdomen, with Mitomycin C, 0.02, 0.05 and 0.075 mg. Each 
concentration was introduced in two areas. Twenty-four hours there- 
after, 6.0 ml. of a 1 per cent solution of trypan blue was inoculated in 





FIGURE 1 
Mitomycin C, 0.02; 0.05 and 0.075 mg./0.1 ml. dist. water, was injected intradermally 
in rabbit abdomen, each concentration in two areas. 24 hours thereafter, trypan blue, 
6.0 ml. 1 per cent solution, was inoculated intravenously to the rabbit ear. The dye 
accumulated in all six areas. 


the animal ear vein. Figure 1 shows prompt accumulation of the dye 
in all six areas. 

Another rabbit, 2980 gm. weight, was injected intradermally with 
the same doses of Mitomycin C. Twelve hours before Mitomycin C 


BORIS SOKOLOFF ET AL. 257 


njection, zymosan, 40 mg./kg. wt. was injected intraperitoneally to 
the animal. Twenty-four hours after Mitomycin C injection, 6.0 ml. 





FIGURE 2 
Zymosan, 40 mg./kg. wt., was injected intraperitoneally to a rabbit. Twelve hours 
thereafter, Mitomycin C, 0.02; 0.05, and 0.075 mg./0.1 ml. dist. water, was injected 
intradermally in the rabbit abdomen, each concentration in two areas. Trypan blue, 
6.0 ml., 1 per cent solution was inoculated 24 hours after Mitomycin C _ injection, 
intravenously to the rabbit ear. Accumulation of the dye was observed only in one area, 
that with 0.075 mg. Mitomycin C. 


of a 1 per cent trypan blue was inoculated intravenously. Figure 2 
shows that five areas in which Mitomycin C was injected, were free 
from dye accumulation, and only in one area, receiving 0.075 mg. of 
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the drug, there was a small blue staining. As the local skin reactior 
and trypan blue accumulation was interpreted by Menkin (16) anc 
others as the reflection of the activity of R. E. elements, and of 
non-specific reactivity of the organism, one may conclude that 
zymosan apparently activated R. E. elements, and minimized to some 
extent the depressive influence of Mitomycin C on the R.E.S. 


Effect of Zymosan and Mitomycin C on Transplanted Tumors 


In our experiments with the combined therapy of Mitomycin C 
and zymosan, sarcoma 180 and Ehrlich carcinoma, hard transplanted 
tumors, were used. Sugiura and Stock (33, 34), Sugiura (35, 36), 
Sokoloff e¢ al. (31) and others established that the total dose of 
Mitomycin C, 15.0 mg./kg. wt./mouse inhibited completely, or almost 
completely, various hard transplanted tumors in mice. Such a dose 
administered, consecutively, in seven days, resulted in considerable 
loss of weight and high mortality, according to Sternberg et al. (32), 
Phillips et al. (22) and Sokoloff e¢ al. (29, 31). The same dose, 
15.0 mg./kg. wt./mouse, applied intermittently, reduced to some 
extent cytotoxicity of the antibiotic. For proper evaluation of a 
combined therapy, however, we used in our present experiments, a 
smaller dose of Mitomycin C, 10.0 mg./kg. wt./mouse, given con- 
secutively or intermittently. As a rule, such a dose of the antibiotic 
produced only a partial inhibition of mouse sarcoma 180 and 
Ehrlich mouse carcinoma, hard tumors. 

In the first series of our experiments, zymosan, in a form of 
suspension, was injected intraperitoneally to mice, in a total dose of 
30 mg./kg. wt./mouse, on three consecutive days. Each daily dose 
was 10 mg./kg. wt./mouse in 0.2 ml. saline solution. Table III 
summarizes the effect of Mitomycin C and zymosan, given separately 
on mouse sarcoma 180, a 48-hour-transplant. 

In the group of mice, treated with Mitomycin C, there was a loss in 
weight as compared with normal healthy mice. There was no weight 
loss in the zymosan group. One mouse died in the zymosan group, 
and one in the Mitomycin C group. The tumor inhibition observed 
in the zymosan group was somewhat smaller in our experiment than 
that reported by other investigators, with the same total dose. 

In the next series of tests, both compounds were administered 
simultaneously. Zymosan, total dose 30 mg./kg. wt./mouse, every 
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second day, altogether three injections of 10 mg./kg. wt./mouse, and 
Mitomycin C, total dose 10 mg./kg. wt./mouse, on five consecutive 
days, in both instances the drugs were administered intraperitoneally. 


TABLE III 
CoMPARATIVE INHIBITING ACTIVITY OF ZYMOSAN AND Mitomycin C 
Zymosan, total dose 30 mg./kg. wt./mouse, in three days, 
intraperitoneally. 
Mitomycin C, total dose 10 mg./kg. wt./mouse, in five con- 
secutive days, intraperitoneally. 
Mouse Sarcoma 180, forty-eight hour transplant 











Final 
Number Initial av. wt. Tumor 
of Mice av. wt. gm. av. wt. Inhibition 
Group Males gm. After 10 days mg. Xe 
Zymosan 20 20.4 24.8 1199 45 
Mitomycin C 20 20.1 21.4 974 60 
Control Tumor Mice 19 20.5 28.1 2180 0 





The figures of Table IV reveal that by administering zymosan and 
Mitomycin C simultaneously, no increase in tumor inhibition took 
place. In a sense there was some antagonistic interaction between the 


two substances. 
TABLE IV 
SIMULTANEOUS APPLICATION OF ZYMOSAN AND Mitomycin C To SARCOMA 180 
Zymosan, total dose 30 mg./kg. wt./mouse, divided in three 
injections, given on every second day. 
Mitomycin C, total dose 10 mg./kg.wt./mouse, admin- 
istered on five consecutive days. 
Mouse Sarcoma 180, forty-eight hour transplant 








Final 
Number Initial av. wt. Tumor 
of Mice av. wt. gm. av. wt. Inhibition 
Group Males gm. After 10 days mg. % 
Zymosan and 
Mitomycin C 
simultaneously 25 21.8 20.5 955 52 
Control Tumor Mice 20 20.1 27.9 1990 — 





The inhibition index of the treated group was 52 per cent as 
compared with the control group of mice. Thus the inhibition was 
less than that observed when Mitomycin C was administered alone in 
the same total dose. There was a definite loss in weight, with five 
mice in the treated group dead, two on the eighth and three on the 
ninth day after transplantation. 
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In the next series of tests the method of administration was 
changed. In one test, Mitomycin C was administered prior to the 
zymosan therapy, and in another test the zymosan application 
preceded Mitomycin C treatment. Table V presents the results of 
this testing. We are confronted here with an interesting phenomenon. 
When Mitomycin C was administered first, followed by zymosan 


TABLE V 
InuiBITORY AcTIvITy OF Mitomycin C AND ZYMOSAN 

Group A.—Mitomycin C, total dose 10 mg./kg.wt./mouse, 
given in five consecutive days, followed by Zy- 
mosan, total dose 30 mg./kg.wt./mouse, admin- 
istered in three days. 

Group B.—Zymosan, total dose 30 mg./kg.wt./mouse given 
on three consecutive days, followed by Mitomycin 
C, total dose 10 mg./kg.wt./mouse, given on five 
consecutive days. 

Group C.—Control, mice bearers of Sarcoma 180. 

Sarcoma 180, 48 hour transplant 








Number Initial Final Tumor 
of Mice av. wt. av. wt. av. wt. Inhibition 
Group Males gm. After 10 days mg. % 
GroupaA 
Mitomycin C 
therapy, followed 
by Zymosan 
application 23 21.1 19.3 1415 40 
Group B 
Zymosan therapy 
following by 
Mitomycin C 
application 24 20.2 24.3 119 95 
Group C 
Control tumor mice 20 21.9 29.3 2354 — 





injections, there was only a slight increase in the inhibition index of 
the antibiotic; 65 per cent. On the other hand, when zymosan was 
administered first, followed by Mitomycin C, there was 95 per cent 
tumor inhibition with cytotoxicity considerably abated. 

Among the mice of Group A, there were five deaths, with a 
considerable loss in weight in the rest of the treated mice. In Group 
B, there were no casualties, and the weight loss was less pronounced. 
Similar results were obtained with Ehrlich mouse carcinoma. 

From these observations it appears that zymosan administered 
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orior to Mitomycin C application, most effectively inhibits trans- 
jlanted tumors, sarcoma 180 and Ehrlich carcinoma. 


DISCUSSION 


There is accumulative evidence that zymosan, and its active factor, 
hydroglucan, have a certain affinity to the R.E.S. The data obtained 
in the present study seems to give additional support to this view 
point. The capability of zymosan, administered in small doses, to 
minimize the cytotoxicity caused in animals by Mitomycin C, and 
when given in larger doses, to aggravate the same toxicity, can find 
proper interpretation in the light of our knowledge of the functional 
activity of the R.E.S. The same fact that zymosan, administered to 
cancerous mice, prior to Mitomycin C, considerably increases the 
inhibitory influence of the antibiotic, indicates that this phenomenon 
belongs to the field of host-defense-tumor relationship. For by 
activating the R.E.S. and therefore by strengthening the defense 
mechanism, zymosan enhances the destructive activity of Mitomycin C 
upon tumors. 

Nevertheless, one should be aware of the fact that the functioning 
of the R.E.S. is a much more complicated operation than the 
mechanical engulfment of particulate material as the blood circulates 
past phagocytic cells. As Lewis Thomas (37) pointed out, numerous 
other factors, such as the rate and volume of blood flow, the metabolic 
activity of the phagocytic cells and the size and charge of the 
particulate materials, all might exert important infiuences on the 
functioning of the R.E.S. As intriguing as the possibility of zymosan 
affinity to the R.E.S. might appeal to some of us, much more 
additional investigations along these lines should be conducted before 
the relationship between zymosan and the R.E.S. is firmly established. 


SUMMARY 


Zymosan, total dose 30-90 mg./kg. wt., administered prior to 
Mitomycin C injection, reduced its toxicity in mice. 

Zymosan, total dose 300 mg./kg. wt., administered prior to 
Mitomycin C injection, aggravated the toxic effects induced by the 
antibiotic in mice. 

Zymosan, total dose 30-90 mg./kg. wt., administered prior to 
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Mitomycin C treatment, enhanced the oncolytic activity of the 
antibiotic on mouse sarcoma 180 and Ehrlich mouse carcinoma. 
Zymosan and hydroglucan have no inhibitory influence on Rous 
chick sarcoma virus in embryonated eggs. 
The possible affinity of zymosan to the R.E.S. was discussed. 
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INTRODUCTION 


This report is a part of an extensive detailed study of bovine 
achondroplasia and its relation to broad problems of biology and 
genetics. A study showed that the lumbar vertebrae of achondro- 
plastic brachycephalic dwarfs exhibit two distinct types of articula- 
tion, arthrodial and trochlear (1). In the arthrodial type the posterior 
articular processes of the anterior vertebra form a gliding joint with 
the anterior articular processes cf the adjacent posterior vertebra. 
The relationship is similar in trochlear articulation except that an 
overgrowth of the anterior articular processes form a socket in which 
the posterior articular processes of the adjacent vertebrae fit. The 
investigators reporting these two types of articulations offered no 
explanation to account for the difference. The study herein reported 
was undertaken to determine the nature of the cause (or causes) 
responsible for the two types of articulation. The primary objective 
was to determine whether the influence differentiating the two types 
is genetic or nongenetic. The material studied was the skeletons of 
more than 200 brachycephalic dwarfs in the permanent anatomical 
collection at this laboratory. 


Stocks AND MATERIALS 


The brachycephalic dwarfs studied fall into three categories of 
origin, and each group is analyzed separately. The characteristics 
of the parental stocks and the relations of brachycephalic dwarfs to 

1 This investigation was conducted under California Experiment Station Project 1451 


in cooperation with the. U.S.D.A. and the State Experiment Stations under Western 
Regional Project W-1; it was also supported in part by U.S.P.H.S. grant A5321. 
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them are described (2). The largest group was produced by parents 
that were both regarded as “normal” in weight and body measure- 
ments. All are of Hereford breeding, and most came from registered 
and commercial herds, though a few were from the experimental 
herd. This largest group comprises 126 animals. 

The second group, from parents that are one or both subnormal in 
weight and body measurements, fits into the mutant group of sub- 
normal size that is commonly referred to as comprest. These dwarfs 
can be subdivided into three distinct subgroups with respect to origin, 
but since all are phenotypically similar and since mating tests indicate 
that all are genotypically similar, they are treated as a unit. They 
total 57 animals. 

The third group is dwarfs produced within the Angus breed plus 
four F: hybrids from matings of Hereford with Angus. This “Angus 
group” totals 24 animals. The type of analysis was designed to deter- 
mine the effect of breed, mutant comprest type, sex, castration and 
age upon the type of articulation. 


METHODS 


When the study was initiated in 1950, a need immediately de- 
veloped for an anatomical collection extensive enough to establish 
standards that would assist objective diagnosis of each mutant stock 
and the nonachondroplastic control stocks. In assembling the collec- 
tion precautions were taken to provide as complete a case history as 
possible for each animal and to have for each mutant, adequate 
representatives of young, intermediate, and mature ages. Before the 
collection was started, detailed studies were planned of the cranium 
and long bones, and there are several published reports (3, 4, 5 and 
6). At that time, however, study of the articulation of the lumbar 
vertebrae was not envisioned, though the possibility of analysis of 
this and other areas was anticipated. As each animal became avail- 
able, its age, identity, and pedigree were recorded, if known. Several 
body measurements were usually obtained, and, when possible, in- 
dividuals were photographed. The exact birth dates of most of the 
animals are known, but in about 10 percent of the specimens only 
the approximate birth date was known, such as “born last March” 
or “5 months of age.” These animals were compared with those of 
known ages for living, autopsy, and anatomical characteristics, and 
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t is a safe assumption that all animals whose birth date was not 
pecifically known are within 2 to 3 weeks of the estimated age. 
\t autopsy, noteworthy characteristics that had proved or might 
prove significant were recorded. After processing, each disarticulated 
skeleton was permanently labeled and stored. Investigation of the 
factors affecting the articulation of the lumbar vertebrae was not 
considered until June, 1960. The discrepancies between the numbers 
of males and females in the different age groups are accounted for by 
the practice of raising an excessive number of females for mating. 
About 15 percent of the male calves had been castrated when ac- 
quired, but, since intact males and steers exhibited the same pat- 
tern of articulation, the two groups are combined. Age-class periods 
of four months were used up to 488 days; thereafter, all animals 
were grouped together. 

In making the study, the lumbar vertebrae from each animal were 
arranged in proper order, and a length of quarter round was inserted 
through the vertebral foramen and the “stick of vertebrae” was 
placed upon a rack for observations, Figures 1-5. When the vertebrae 
were placed in their proper articular positions the different types of 
articulations could usually be determined by inspection. 

When there was uncertainty at any joint, the anterior vertebra was 
lifted vertically. If it completely cleared the anterior processes of 
the posterior vertebra, the articulation was classed as arthrodial; if 
it did not lift clear (because of overgrowth of the anterior processes 
of the posterior vertebra), the trochlear process was in evidence. 
Throughout the study the authors were guided by the anatomy text 
of Sisson and Grossman (7). 


ANALYSIS OF DATA 


The analysis was made to evaluate the role of genetic and/or non- 
genetic factors in influencing the type of articulation of lumbar 
vertebrae in brachycephalic bovine dwarfs. Thus, the possible effects 
of breed, mutant comprest type, sex, and age were analyzed. 

In preliminary inspection it soon became certain that, besides 
definitive arthrodial and trochlear types of articulation, there were 
transitional stages, with some joints exhibiting arthrodial and others 
trochlear, forms within the same vertebral column. The articular 
types from the different parental groups are summarized in Table I. 
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FIGURE 1 

Photograph of a dorsal view of the lumbar vertebrae of dwarf female 107 at 177 days 
of age, mounted on a length of half round, showing the arthrodial type of articulation 
characteristic of animals of this age. The most posterior vertebra is the sacrum. Note 
that the posterior articular process of each anterior vertebra forms a loose gliding joint 
with the anterior articular process of vertebra caudal to it. Any vertebra can be lifted 
vertically free from the one posterior to it, thus indicating that there is no overgrowth 
of any of the anterior processes and that all articulations are the arthrodial type. 
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TABLE I 


DIFFERENT MATINGS 
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BRACHYCEPHALIC DWARFS FROM THREE 





Type of articulation 











Age Arthrodial Transitional Trochlear 
range, PO to 
days Sex No. % No. % No. % 
From Hereford parents both of normal size 
0-122 Male 14 100 0 0 0 0 
Female 20 100 0 0 0 0 
123-244 Male 12 67 6 33 0 0 
Female 9 90 1 10 0 0 
245-365 Male 2 22 6 67 1 11 
Female 1 25 2 50 1 25 
366-488 Male 0 0 4 57 3 43 
Female 0 0 3 38 5 63 
489-over Male 0 0 0 0 6 100 
Female 0 0 0 0 28 100 
Totals 58 22 44 
From parents one or both of the comprest mutant type 
0-122 Male 29 100 0 0 0 0 
Female 13 100 0 0 0 0 
123-244 Male 4 67 2 33 0 0 
Female 0 0 0 0 0 0 
245-365 Male 0 0 0 0 0 0 
Female 0 0 0 0 i 100 
366-488 Male 0 0 0 0 0 0 
Female 0 0 0 0 0 0 
489-over Male 0 0 0 0 1 100 
Female e) 0 0 0 4 100 
Totals 46 2 6 
From Angus parents 
0-122 Male 7 100 0 0 0 0 
Female 4 100 0 0 0 0 
123-244 Male 1 100 0 0 0 0: 
Female 1 20 4 80 0 0 
245-365 Male 0 0 0 0 1 100 
Female 0 0 0 0 1 100 
366-488 Male 0 0 0 0 1 100 
Female 0 i¢) 0 0 1 100 
489-over Male 0 0 0 0 0 0 
Female 0 0 0 0 2 100 
Totals 13 4 6 
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FIGURE 2 

A dorsal view of the lumber vertebrae of male 131, autopsied at 345 days of age. 
This exhibits an early transitional stage from the arthrodial to the trochlear type of 
articulation. The anterior articular processes of the 2nd and 3rd vertebrae each show a 
slight overgrowth, thus encompassing the posterior articular processes of the Ist and 
2nd vertebrae causing an early trochlear stage of articulation. The 1st vertebra cannot 
be lifted vertically free of the anterior process of the second, nor can the second vertebra 
be lifted vertically free from the anterior process of the third. The articulaticns of the 
remaining vertebrae are of the arthrodial type. 
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FIGURE 3 
Photograph of a dorsal view of the lumbar vertebrae of dwarf female A120 autopsied 
at 261 days. This shows a late transitional stage of articulation. The articulations of 
all vertebrae from 1 through 4 are trochlear, whereas the articulation between vertebrae 
5 and 6 is arthrodial. The typical transition is initiated anteriorly and proceeds 
posteriorly. The 6th vertebra exhibits an early trcchlear type cf articulation with 
the sacrum. 
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Considered first are the dwarfs from Hereford parents that were 
both of normal size. It is evident that both males and females possess 
essentially the same patterns of articulation throughout each of the 
different age groups, and that sex has little if any influence on type 
of articulation. The vertebrae from the youngest animals (birth to 
122 days) tend to become separated into their different primary 
centers of ossification, and none that were completely separated are 
included in the study. The 34 animals of this age in which the verte- 
brae are intact all show the arthrodial form. The vertebral frag- 
ments from a large sample of dwarfs of this age were inspected, and 
it is obvious that all are of the arthrodial type. Furthermore, from the 
appearance of all the specimens, it is improbable that the trochlear 
type would ever develop within this age range. 

There are 28 animals in the age range of 123 to 244 days. Twenty- 
one show the arthrodial type; the remaining seven are not the true 
trochlear type, but manifest either arthrodial or trochlear forms for 
different joints as illustrated in Figures 2 and 3. These are transitional 
stages, progressing from the arthrodial type to the trochlear type. 
All the changes observed are initiated anteriorly between the Ist and 
2nd lumbars, and progress posteriorly. There are irregularities ob- 
served occasionally in transition posterior to the first and second lum- 
bar vertebrae. For example, the articulations of the /s¢ and 2nd and 
the 2nd and 3rd may have reached the trochlear stage, yet the 3rd 
and 4th may yet be arthrodial while the 4th and 5th are trochlear 
and the 5th and 6th are arthrodial; these deviations have no effect 
on the final articulation pattern, and are of little consequence so far 
as this study is concerned. Since 75 percent of the animals in this 
age range exhibit the arthrodial type of articulation and 25 percent 
are in the transition stage, this age represents the early transitional 
period. 

The number of animals is somewhat limited in the age range of 
245 to 365 days, but both sexes show arthrodial, transitional, and 
trochlear stages. Eight of the 13 animals are in the transitional stage 
and this age is obviously in about the middle of the transition period. 

The age range of 366 to 488 days contains 15 animals, with both 
males and females equally divided between the transitional and 
trochlear states. It is significant that none are in the arthrodial state, 
and that transitional and trochlear stages appear in equal propor- 
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ions. This age represents about the limit of the late transition stage. 

The period beyond 488 days contains only the trochlear stage. The 
nly differences observed between the younger and older animals in 
‘his last age group is a progressive increase in the amount of over- 
growth and calcareous deposits, resulting in progressively deeper 
articular sockets with increasing age. This is well illustrated by com- 
paring Figures 4 and 5, or by comparing these figures with Figures 1, 
2, and 3. It is clear that the arthrodial type occurs only in the 
juvenile stage, and that the trochlear type is the mature stage. 

The 54 dwarfs from the matings in which one or both parents were 
the comprest mutant type are phenotypically similar to the first group, 
but they are analyzed separately because some consider these dwarfs 
to be genetically different from those produced by parents that are 
both of normal size. The youngest age group is well represented. 
The older ages are not, but there is sufficient evidence to support 
the hypothesis that these dwarfs have the same articulation pattern 
as the first group. The dwarfs from the Angus breed number 23, 
and the age and sex distributions are exceedingly favorable. The 
articulation patterns coincide with those produced by Hereford 
parents of normal size. 

The intact male and female brachycephalic dwarfs produced by 
Hereford parents that are both of normal size, those produced by 
one or both parents of the comprest type, and those produced from 
Angus all exhibit identical articulation patterns in the lumbar ver- 
tebrae at all comparable ages; furthermore, castrated males have 
the same pattern. Arthrodial articulation, characteristic of early 
calfhood, lasts about four months and progresses into the early, 
middle, and late transitional stages, with each stage lasting about 
four months. After 16 months of age the trochlear articular stage is 
reached, which is the mature, or terminal type. There is no evidence 
that genetic factors may differentiate the two types of articulation. 
All the evidence indicates that the type of articulation is a function 
of age and is developmental in nature. 

If this conclusion is correct, the articular pattern of the dwarfs 
reported by Buchanan e¢ al. (1) should agree with the results in 
Cable I. There were slight differences between the two laboratories 
in techniques and the recording of age, but these are minor and do 
not affect the basic relationships between the two sets of data. The 
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FIGURE 4 
Photograph of a dorsal view of the lumbar vertebrae of dwarf cow 212 at 713 days of 
age. Note that all the articulations are the trochlear type, are well advanced, and show 
decided but not excessive overgrowth. The sacrum is not shown. The ankylosis on the 
right side between the last thoracic and the first lumbar is caused by an injury and 
is atypical. 
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FIGURE 5 
Photograph showing a dorsal view of the lumbar vertebrae of cow 62 autopsied at 
7 years of age. The excessive overgrowth of all the anterior articular processes, forming 
well-defined articular sockets between all the vertebrae, is typical of animals of this age. 
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vertebrae of all of their animals in the age range from birth to 122 
days become disarticulated, and there are no representatives in this 
early age group. The data of Buchanan ef al. are rearranged and 
assembled in Table II. The three animals (numbers 162N, 106N, 


TABLE II 
RECLASSIFICATION ACCORDING TO AGE OF THE TYPES OF ARTICULATION OF THE LUMBAR 
VERTEBRAE OF THE ACHONDROPLASTIC BRACHYCEPHALIC DwarFs REPORTED BY 
BucCHANAN, BOLIN, BURNHAM, AND EVELETH, FROM TABLE I oF N. Dak. BUL. 

















403, 1956 
Type of articulation 

Age Arthrodial Trochlear 

range, 

days No. % No. % 

0-122 0 0 0 0 
123-244 ga 75 30 25 
245-365 1 50 1¢ 50 
366-488 0 0 0 0 
489-over 0 0 1 100 





@ The authors are indebted to Dr. D. F. Eveleth for providing the ages of two 
Angus and two Hereford dwarfs of this age range that were not given in Table I of 
their report. 

b These animals belong more approximately in the age class of from 245 to 365 
days; see text. 

¢ This animal belongs more appropriately in the age class of 365 to 488 days; 
see text. 


and 74N) whose ages they give as “8 months” are, for conservative 
reasons, placed in our age class of 123-244 days. The age group of 
‘“62N,” which is “12 months” of age, is placed in the age range of 
245-365 days, though 366-488 days is more probable. Another differ- 
ence is that Buchanan e¢ al. do not mention a transitory stage. If 
it was encountered, they may have classified transitional animals as 
trochlear. There is strong evidence that the articular pattern of the 
North Dakota dwarfs is a function of age and is in substantial 
agreement with the data in Table I. 

The three groups of animals shown in Table I are combined and 
summarized in Table III. To this were added six animals whose sex 
had not been recorded (not included in Table I). Four were in the age 
group of 1-122 days, and two in the age group of 123-344 days. 
This perhaps demonstrates more forcefully than Table I the high 
correlation between age and type of articulation of the lumbar 
vertebrae. 
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TABLE III 
SUMMARY OF THE ARTICULAR TYPES OF THE LUMBAR VERTEBRAE OF ACHONDROPLASTIC 
BRACHYCEPHALIC DwarFrs StiOWN IN TABLE I WiTHOUT REGARD TO BREED, 
TvPE OF PARENTS, OR SEX 





Type of articulation 














= Arthrodial Transitional Trochlear 
days No. % No. % No. % 
0-122 914 100 0 0 0 0 
123-244 290 69 13 31 0 0 
245-365 3 19 8 50 5 31 
306488 0 0 7 41 10 59 
489-over 0 0 0 0 41 100 
Totals 123 28 56 





@ Four animals whose sex was not recorded are included to this group. 
» Two animals whose sex was not recorded are included to this group. 


DISCUSSION 


The types of lumbar articulation—arthrodial, transitional, and 
trochlear—observed in the brachycephalic dwarf are distinct and 
confirm the observations of an earlier report (8). This is forcefully 
illustrated by the data in Tables I and III. Rearrangement of the data 
in Table II indicates that the trend was the same in the animals 
observed at North Dakota (1). Breed, size of parents, sex, and 
castration had little if any effect on the articular pattern in brachy- 
cephalic dwarfs. The articular changes are associated with age and 
proceed in an orderly manner, as the succession of arthrodial, transi- 
tional, and the trochlear stages indicates. The arthrodial stage is 
associated with immaturity, and the transitional and trochlear stages 
are respectively associated with the change to and attainment of 
maturity. The changes are developmental in nature, and parallel 
sexual maturity more closely than weight maturity. The possibility is 
exceedingly remote that the type of articulation of the lumbar 
vertebrae has a genetic cause. 

Inspection, without minute study, of a sample of lumbar vertebrae 
of the achondroplastic mutants of the long-headed dwarf and comprest 
reveals that both undergo a similar developmental change that closely 
coincides with that of the brachycephalic dwarfs, studied in detail. 
A similar check among nonachondroplastic control stocks reveals that 
the transitional age from arthrodial to trochlear articulation is also 
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near that of the brachycephalic dwarf. Thus, it is certain that all the 
bovine stocks represented in the anatomical collection exhibit about 
the same age for the transition of the zygapophyses of the lumbar 
vertebrae from the immature to the mature stages. The trochlear 
type of lumbar articulation is not limited to the Bos species, but 
occurs throughout the order of Artiodactyla (9). 

The text of Sisson and Grossman (7) recognizes the trochlear type 
of articulation as representative of the mature state in cattle but 
disregards the arthrodial and transitional stages characteristic of 
young animals. We assume that these earlier articular stages have 
been minutely described but thus far have failed to find such a 
reference. This study should aid in the development of more refined 
observations. The articulation pattern can assist estimation of the 
age but probably most usefully in the range from birth to 16 months. 


SUMMARY 


The lumbar vertebrae of achondroplastic brachycephalic bovine 
dwarfs were investigated to determine the basic nature of the two 
articular types, arthrodial and trochlear, recently reported in the 
literature. The number of dwarfs studied was 207, and the ages 
ranged from stillborn to 8 years. The dwarfs arose from three distinct 
parental types: Hereford parents that were both of normal body size, 
parents that were one or both of the mutant comprest type (sub- 
normal in size), and the Angus breed. The dwarfs from all sources 
exhibited identical patterns of articulation throughout the different 
age periods. During the period from birth through 122 days, all 
are of the arthrodial type. The age from 4 to 16 months is transi- 
tional. It can be subdivided into three 4-month periods: early, 
middle, and late. During this time the arthrodial type of articulation 
progresses to the trochlear type. The change is initiated at the 
anterior end of the lumbar region and progresses posteriorly. The 
interpretation is that this change in articular pattern is developmental 
in nature, and is a function of age. The arthrodial stage is character- 
istic of the immature calf and the trochlear stage is characteristic of 
maturity. From a check of the lumbar vertebrae of nonachondroplastic 
controls it is evident that mutants and controls have similar articula- 
tion patterns. All the evidence indicates that breed, mutant comprest, 
sex, or castration has little if any effect on type of articulation. The 
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articular pattern of the mutants throughout the life span is typical 
of the order Artiodactyla. Age can be estimated rather accurately 
from the lumbar vertebrae. 
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